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KRBIMBATTYY OKYYYYM!

«sKanmel XUMHUsI» OKYY KATeOH cuiiep X KJIaccTa OKYI'aH OpraHHUKa-
JBIK XMMHSA KYPCYHYH HEerH3rd y4YypJapblH KalTaJloo MeHeH balrrasar.

OpraEMKaJblK XHMHsS KYPCYHZAa OTYJII6H »KaJIIbl 3aKOHYEHEeM-
AYYJIYKTOP: OPraHHKAaJBIK 3aTTapAblH TY3YJIYIII TeOPHUSCHIHBIH HETrH3rH
’KoboJiopy, anap/bl JaJHI004Y aWpbIM (AaKTBLIBIK MaTepuajjap,
TYIIYHYKTOD, OPraHMKaJIbIK 3aTTap/IbIH OPTOCYHArsl FreHeTHK aJIBIK 0ali-
JJAaHBIIITApP, KapaTbUIBIIITEI TaaHBIN-OMIYYAOTY OPraHUKAJBIK XHMHUSA
HJIMMHHHUH opAy .0. boloHYa OHJIMMIep cHcTeMaJIallITHIPBUIBII, KbICKA-
4a JKBIMBIHTBIKTAJBIN Kapayar. VIII-IX kKiaccrapga eTYyJareH Hermaru
TYIIYHYKTOp (3aTTap, aToM KaHa MoJIeKyJa K.0.) BaJIeHTTYYJIYK, OKHC-
TeHYY Japarkachbl, OpraHUKAaJbIK 3MeC 3aTTap/AblH HEIrHM3IrH KJaccTapsl,
XUMHUAHBIH 3aKOH/I0PY 00OIOHYAa MIMMHH MaaJbIMaTTap TepeHAeTHJIHII,
KaupaJaH KapaJblll YLIKTEI.

OKyy KuTeOMHMH OMPHHEYH OOJTYMYH/IO KaJIIbl XMMHUAHBIH TEOPUSLIIBIK
Herusziepu 00JIrOH aTOM-MOJIEKYJIAJIBIK OKYY, aTOM TY3YJIYIIY, KBAaHT TeOpHsi-
CbIHBIH HEruaru xkoboJiopy, 6.a. aTomMaory 3JeKTPOHAOPAVH abasblH
MYHO3/10049Y DallIKbl, OpOUTANIBIK, MAaTHUTTHK »XaHA CIIMHINK KBAHTTBIK
CaH/Iapbl, aTOM TY3YJIYIII TeOpUAChIHBIH Heruaugjie [1.1.MeH1esieeBIUH Me3-
FIJIIAK 3aKOHY KaHa XUMHUSJIBIK 3JIeMEHTTepJANH MEe3THIJANK CACTeMachl,
XUMHUSUIBIK DaiJIaHbINI, 3aTTap/AbIH TY3YJYIIY 60ol0HYa GMIMMUHED OpPKYH-
AOTYJIYI, DeJNruiIyy cucreMajia »kaanbuiasar. Hlaimnsl XMMus KypCyH/Aarsl
MaTepHaZlapAblH Ma3MYyHY KeHeHTHINII, TepeH/IeTHIUII OepHuiIreH.

OpraEmKaJbIK aMecC KaHa OPraHUKAJIbIK XUMHSA KYPCTapbIH ©3/[611I-
TYPYY VIYPYH/AA ap TYPAYY MoJieJjiepre, cxeMajapra »kaHa TabJumayapra
TasiHBII, aHBIH HErH3ru O06JIYKTOPYH a’kKbIpaTa OMIyy bIKMasapbl KaJblll-
TaHABIpbUIraH. CHIep/IH y4ypAarsl MIJIZAETHHED OII0J bIKMaJapAbl OHYK-
TYPYY, KaJlllbl XUMHsS KypcyHAa OepHyireH MaTepmajjapiAbl HEIH3I'H
TeOpHsIapra TasHBII, KOIOPKY JAEHIasJI[le TAJIKYY KYPryayy, OeJruiyy
’KBIMBIHTBIKKA KeJlYY ’KaHa THeIleJlyy JKepJjepje o3 aJAblHap4a cxeMa
TabJMIasapisl Ty3yn, aHbl Tyypa HaijanaHa OHJIYy MHJIZETTepH Typar.
Bepuiren cxema »xaHa TabJMIanap/bl CaJbIIITHIPHIN, AJapAblH HETH3IH
©36r'YH Taall, aHbl OalllkaJap/laH a’KbIpaThII OMIYYTe YMTYJIVIIVHAD Kepek.

OKyy KuTebu MeHeH MINTO6/6rY CHIIeP/AMH HIIl apaKeTHHepAH yKeH -
AETYY MaKCaTbhIH/IA HETU3T'H TYIIIYHYKTOP, 3aKOH/IOP »KaHa TeOPHUSJILIK abaJI-
Aapra OepuireH aHbIKTaMaJlapAbl KaJrad GeJYKTOpAeH albIpMasal Ka-
PapThUIraH mMpHudTTEp MeHeH 6epuaan. OMoH/0M 371 CypooJiop, KOHYTYY
’KaHa MaceJesep, allaHyyJap/AblH cXeMaJlapbl ap 6up 66eJyMAYH aKbIpbIHA
TONTOLITYPYJITaH, OLIOJ 3JIe JKepJie apbIM JIeMOHCTPAIlAAJIBIK TaKphlitba-
JIap/ibl aTKapyy TeXHUKAaChl, ayJANuo0 KaHa KHHODIWILMAEPANH Y3YH/YJI0pPY
Jla KOPCOTYJITOH.



Ap 6up 60IyMIYH aKbIpbIHAA OepHIreH CypooJIopro TOLYyK 0011 Oep-
ceHep, KOHYT'YY MacejleHH Yblrapa ajcaHap, 3aTTap/bIH reHeTHKAaJIbIK Dal-
JTaHBIIIBIH KOPCOTKOH ailTaHyyJIap/blH CXeMaJapblH UIII 7KY3YHO allIbIPYYHy
XUMUSIBIK peakUslap/blH TeH/AeMeJepuH 2Ka3blll, TeH1ell OuJIceHep, ap
6up yuypaa naijga 60JroH 3aTTapAbl Kalchl KJIACCTHIH OKYJY 9KeHHH
GMJIMI, ajapAblH KacHeTTepHMH THellesyY TeopHsIap/blH, 3aKOH He-
HeM/IYYJIYKTOPAYH Hern3uH/le MYHO3/I0d ajcaHap, aH/ia ap oup 6eYMAYH
MaTepHasllapbIHbIH Ma3MyHYH ©3/16IITYProH DoJiocyHap.

7Koropky afiThUIraHAAapra KeTHIIYY YYYH CHJIEPAEH OTe ThIPbIII-
yaaKTBIK MeHeH CHCTeMaJyy TYPA® TaJbIKIad dMIeKTeHHIITH Tajall
kbpLIAT. Boyme 6epuiireH MaTepuaslap/iblH HYKH Ma3MyHYH CaJIbIITBI-
PBIIT AaHAJIK3/106 aPKBLIYY ajapAblH KaJIIbUIBIIBIH JKaHa anbIpMa4YblUIBIK
yKaKTapblH akpIpaTa 6miyy, OMJIMMAHN bIpaaTKa KeJITHPYY JKaJINTBLJIOOHYH
Heru3ry ©3eryH TY3OT.

CaJIbIITHIPHIT AHAIM366 MeHeH 6ap/IbIKk XUMHUAJIBIK PeaKIUHbIH THII-
TepUHjle MOJIeKYJIaJlap/bIH OY3yay1ny, AaHbl fairaHbINTAPABIH HATBIMKA-
ChIHJIA 3aTTapAbIH maija 60yIly, XUMHAAJIBIK peakliusiaapaa aypbIM dJIe-
MEHTTepAMH OKHUCTeHYY Jlapa’kachblHbIH O3repyycy e e3repbeecy MeHeH
YKYPI'OHIYI'YH GaifkalicbiHap. Bamrankel 3aTTapAbIH MOJIEKyJlalapbl byay-
JyII, ajap/ibl Iaijla KbUIMaH aTOMIOP Kalipa »kauramryycy MOHAVK »KaHa
paJinKaJIbIK MeXaHH3UM/Ie JKYPOpY DOIOHYA JKaJIIIBI YKBIMBIHTBHIK UbIapachl-
Hap. FKaansl KYPCTYH aJlThIHYbI OeJIYMYH/IOr'Y 3/IEMEHTTEepANH XUMHACBIHAA
Me3THJIINK CHCTeMa/iarkl HeTU3I'M MeTaJlJl aMecTep JKaHa MeTaJUIIap/bIH Ka-
CHeTTepH, alap/blH TY3YJIYIITOPY MeHEeH ThII'bI3 OalIaHBIIITYY 9KEeHINrH,
ATOMAVH TY3YJIYIII TeOpUsChIHA 0AMJIAHBIIITYY TepeHAeTHIHI pasHaIaT.

VpmarTyy okyyudyaap! OpTo MEKTeNTHH XUMHUA KYPCYH asdKTall xKa-
THINI, XAMHASA WIMMHH ©3/I6IITYPYY TaTaas, Kell 3MIeKTH Tajall Kbliaa-
pbIH GaiikaabiHap. OIOHY MeHeH dJle XUMHSA MU 6TO KBISBIKTYY. Xu-
MU HIMMHAHAH JKeTHIIKeHANKTepHH AYHHOHY TaaHbII-0MIIYY/16 7KaHa 3J1
yapOachlHBIH Dap/IbIK TapMaKTapblHAR, KYHASJIYK TYPMYIITA namugajiaH-
raHAbIIBIOBI3ABI Ce3ANHED.

XUMHASA WIKMHA OoloHYa OMIMMHUHEPAH 63 ajiiblHap4a 6pKYHAOTKYHOP
Kesce, bammka KoloyM4a aflabMsATTapAbl, MaajlbIMaTTaMaJlap/bl nauaa-
naHcaHap 6osoT. XuMus 6ooHYa OMINMUHED DapAbIK KeCHITern ajaM-
fap YUYH Kepek. AlaMJapAblH KapaThUIBIIIKA jKacaral MaMHJICCHH/E
XMMHASHBIH HeTH3TH 3aK0H YeHeM/IYYJIYKTOPYH oCcKe ajdaca 9KOJIOr AsJIbIK
TeHeIITHK Oy3ysar. bus xhMus vIMMUEME MyrajJuMy KaTapblHJa CH-
JepAr XuMuAra 6aiIaHbIITYVY KeCHIITH TaHJall ajIrbljia el YH/16110Y3.

Aemopaop



I z2nasa

10-KJIACCTA OTYJII'OH OPI'AHUKAJIBIK XHUMH?
BOIOHYA BUJIMM/IEP/IH SKAJIIIBIJIOO

OpraEMKaJblK XHMHS KYpPCY MeHeH TaaHbIIyyJa IIpaKTHKAJBIK
MaaHHTe 33 O0JITOH 3aTTap, TaTaaj TY3YJayluTery 6ejJoK, HYKJeHH KHCJIOo-
TaJapbl JKOHYH/® MaajbIMaT ajachblHap. A3bIpkbl uiauMmae 10,5 MiH.
3aTTHIH TYpY Oenrmiyy 6oJsico, ajtapAblH 6acbIMAYY KOIIYYJIYTI'Y OpraHuKa-
JIBIK 3aTTap. ¥ IOyJ (aKThUIBIK MaTepHaJAapAbl OUPDUKTHUPHII TYPYY4Yy
A. M. ByrnepoBVH OpraHHKaJbIK 3aTTapAbIH TY3YJIYIII TEOPHACHI MEHEeH
Heru3ra 3aKOH4YeHeM/IYYJIYKTOPIre TOKTOJIYII 6TeJIY.

§ 1. XUMHAJBIK TY3YJYII TEOPUSACBIHBIH HEIrH3ru K000J10py

OprasEHKAaJbIK 3aTTap/AbIH TY3YJIYII TEOPHUsCHI HETH3UHEH TOPT K000
TYPYHJI6 OepHJITeHHH OHJIecHHep. OMH OIIOJ TOPT »KODOHYH aJIKarblH/Ja
AJIMMHAN 00KOMOJIZIOO bIKMaJIapblH NaljaJaHbII, OKVJIVII OTYJII'OH 3aT-
TapJbIH TY3YJYIITOPYH >XKaHa KacHeTTepHUH, ap KaHJaWl 3aTTapAbIH MH-
caJlapblH/Ia aHBIKTOOI'O apaKeTTeHeJIH.

1. OpragukaJsIK 3aTTap/AbIH MOJICKYJIaJIaPbIH TY3I'0H aTOM/0p Ba-
JIEHTTYYJIYKKO Kapania DaljaHbIIIBIN, DeJTrHJIYY bIPpaaTTYYJIYKTA KaH-
rauiar.

Byn aban O6apAbIK OpraHMKAaJIBIK 3aTTapibIH H H H H
KJIaccTapbIHa MYHe31yY. Mucaibl, CsHio— OyTan Oy [N, ke
OHpHKMEHHH MOJIEKYJachl 3KHU TYPAYY 2JIeMeHTTeH HEG=C=Catat]
TYpVI, ajap BaJIEHTTYYJYKTOpPY TOJYVK KaHBIKKaH 111 l!l }Il l—II
abanya 6enrmiyy 6Mp TapTHUIITEe OPYH aJIbIIIAT:

By 6MpHKMeHMH MOJIeKYJIachlH TY3I'6H KOMYPTEKTHH 4 BaJIEHTTYYJIYT'Y
CaKTaJIbIll, 63y MeHeH 03y KaHa CYyTeK 3JIeMeHTUHHUH aToOM/IopY MeHeH
OalJIaHBIIIITHI.

Ap TYpAYY OpPraHMKAaJIbIK 3aTTap/AblH KJaccTapblHbIH apbIMAapblHAaH
arsl MEcaJIlap KeJITUPeJIH.

CHs;COOH — YKCYC KHMCJIOTACHI,

HCHO — kymypcka aibieruam,

CHz;— CH2— OH — 31wt ciupTH.

Yimyn 3arrapAblH KypaMblHa KHUpPreH 3JIeMeHTTepJAHH BaJIeHT-
TYYJYKTOPY TOJYK KyMIDajdrasdya 6aiaHbIII TY3YIIY, aHAArbl aTOMIOP-
AVH Kauraiiyy bIpaaTTyyJyry ajJlapAblH CTPYKTYpPaJbIK (OopMyIaapblH-
Ja TOJIYK YarsLIABIPBLITaH.



CH3COOH — yKcyc KHCJIOTACBIHBIH CTPYKTYPAJBIK (DOPMYJIACEHI
TOMOHOTI'Y10HU »Ka3blarT:
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KaJiras 3aTTap/blH cTpyKTypasbik dopmyaantapsl: CH3CH20H — aTm
cnuptu sxaga HCHO — KyMypcKa ajpJeruin:
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Koropky Mucajra KeJTUPHJITeH 3aTTap/iblH KYypaMbIH/arbl oap-
IIBIK 5JIeMeHTTepANH BAJIeHTTUK 3JIeKTPOHAI0PY XUMHUAIBIK OaiIaHbIII-
Ka KaThIIIBIN, KOBAJEHTTYY VIOJCY3 KaHa a3 VIoJAYY 3aTTapAblH MO-
JeKyJaiapblH Haija KpIblmIThl. OpraHuKalblK 3aTTapABIH MOJIEKY-
najapsbl naiga 6oJyya KoBaJeHTTHK YIOJICY3 ’KaHa a3 YIoJAyY, CHUr-
Ma, 7, HeNTHAAUK OaimaHbTap 6aceIMAyy 00jicO, OPTaHUKAJIBIK
sMec 3aTTapj/la KOBaJIEHTTHUK YIOJICY3 KaHa YIoJIAYyY, HOHAYK, MEeTaJ-
JABIK, IOHOP — AKIEeINTTOAVK K.0. OaiaaHbIIITap MYHO3AYY donyuiar.

2. 3aTrap/bIH KacHeTTepH aHbIH KypaMbIH/IATbI KauChl aTOMJIOP KaH4a
caHIa MOJIeKYJIaHbI TY3IOHYHO jkapamia 00J100CTOH, MOJIeKyJIaarsl aToM-
JOP/AVH JKaUramnyy TapTuonHe jkapama 00J0T.

MoJteKyJiaiarsl aTOMAOPAYH KaUTrallyy bIpaaTTyyJayry e3reprex ca-
HBIH KaHbl 3aTTap KeJIWII yblraT, 6.a. A30MepHdA KyOyayury Oalkasar.
Uzomepus KyOYJYIIYHYH aHbBIKTaMachlH 3CHHepre TYIIYPTYJIO. 3aTTap-
BIH KYPaMbIHAATbl KOMYPTEK aTOMYHYH CaHBI 6CKOH CaWbIH ajlap/IblH
U3oMepJIepAHn anjia KblIYy MYMKYHYYJIYKTOPY »KoropyJsaiuTr. byraH kKaHa
[MeHTaH/bIH H30MepJIepUH 3CTeruie.

N3omepus Kyoyayily OyTKYJI opraHAKaJbIK 3aTTap/blH KJacCTapblHa
MYHO3]YY. OpraEMKaJIbIK 3aTTapAbIH OTe 3JIe KOll TYPAYYJIYTYHYH oup cebe-
6u yinyHAa. MdoMepiiep KOMYPTeK aTOM/IOPYHYH OyTaKTaHBIIIBIHAH, aH/A-
I'bI KOII YUTYK OaMJIaHBIIITAPABLIH OPAYHAH (QYHKIHOHAJIABIK TONTOPAYH
ap KaHJa# KaurallKaHAbII'bIHAH KeJUIl YbIrarT.

Cs+Hs dopmyackiHa Tyypa KeJreH Kol 0aWJIaHBIIITHIH Kauramyy
abasibIHA TYVPAa KeJIreH u3oMepJiepArH (JOpMYJIachlH Ka3aJIbl:

1 2 3 4 1 2 3 4
H,C'='CH —CH=CH; , H,C =C = CH — CH;
1,3 — byTagueH 1,2 — byTaaueH



4 3 2 1 1 2 3 4
CH3_CH2_CECH, CH3_C EC_CHS.
1 —ByTuH 2— ByTuH
YrileBoAOPOAAVK paauKangap (GYHKIHOHAJIABIK TONTYH abaJyiblHa

KapaTa H3oMepJiepAuH naijga 6onymysa mucaa keiatupeaun. C4HeOH —
OyTaHOJI, TOMOHKYAOH N30MepJiepAn naia KbljIarT:

4 3 2 1
CH3 — CH, — CH, — CH,0H
1 — 6yraHon
1 3 2 1 3 2 1
CH3—CH2— CH_CH3 ’ CH3—" Slob— CHg_OH
OH CHg
2 — bytaHon 2 —meTun 1 — nponaHon

3. 3aTTrap/ablH KacueTTepUHe Kapall aHbIH MOJIeKYJIaCbIHBIH KYPaMbIH
JKaHa KypaMbIHA JKapalia OepuJireH 3aTThIH KaCHeTHH OMJIYYre D0JI0T.

Mucansl, CH30H — MeTHJI cHHpTHHE aKTHB/YY MeTaJLJI/Ibl TaacHp IT-
CeK, aJl OMp aTOM CYYTEKTH cypyl 4yblrapaTt. MeTHJI CHUPTHHUH KypaMbIH/a
TOPT aTOM CYVTeK 0ap, CYVTEeKTHH Y4 aTOMY KOMYpPTeK MeHeH OalaHbl-
IIBII, TOPTYHYY CYYVTEKTHH aTOMY KOMYPTEK MeHeH KbIYKbLUITEeK apKbLIYY
barnansnar. [lemek OH — pyHKIIMOHAIABIK TOOYHAArbl CYYTEKTHUH aTOMY
KBIMMBUIAYY KeJIUII, MeTaJLI OIIOJ CYYTeKTHH aTOMYH CYPYH YbIrap/bl.

['110K03aHBIH KYypaMBbl »KaHa KacueTTepy MeHeH TaaHbIII 00JITOH/I0H
KUNHUH aJ aJdb/IeTHA-CIIUPT 93KeHNH Ouaauk. [lemek rirroko3anblH CeH1206
MOJIEKYJIaChbIHBIH KYpaMbIH/Ia CIUPTTepre »KaHa ajJbjJerujjepre MyYHo31YyY
(bVHKIIMOHAJIIBIK TOIITOPAY KapMall JKYPreHJAYKTOH CIINPTTEp »KaHa aJlb-
lerujijiepre MYHe3/1yY KacHeTTep/IH KOpPCOTYIlY MYMKYH:

5 LR | Hae1OH: “H

e

H U=t =0 =0 =7C

1 T e b

O OHX OH "H . OH H

['71I0K03aHBIH CTPYKTYPAJIBIK (hopMyJiackl cnupTTepre myHosayy oOH —
ToOy ’KaHa aJbJlerujaepre MyHoe3 1Yy — aJbjaeruj Tooy oap.



4. MoJjieKyJIaHbIH KypaMbIH/Iarbl aTOM/IOP KaHa aTOM/IOP/AYH TOIITO-
py e3apa OMpu OMpHHE TAaCHPHUH THUTHU3HUIIET.

AToM0p aHa aTOMJIOPAYH TOIITOPY MOJIeKyJlaia 63apa Oupu Oupuse
THITH3TeH TaacHpiiepy VIJIEBOJOPOUIOPAYH rajoreslyy TYyHAyJIapbIHAa,
serzosayH romosory Toayonao CeHsCHs, deronao CeH;0H, aannuene
CsH:NH2, xapbon kucioranapaa CHsCOOH aubIk paKaar.

BeH30JIIyHE TOMOJIOTY TOJYOJIAO (eHnJ TOOYHA MeTHJI PaAUKaJIbI
TaacHp OTAI, T-Hail1aHbIIIBIHBIH 3JIEKTPOHAYK OYJIyTTAPhIH KBIIBIIITHI-
pein (2,4,6) xubepreHAUKTeH 0€H30Jr0 CAaJBIITHIPrania aj KeHHNJI
HUTPJIOO® peaKIIUsChIHA KaThllaT.

C - CH; | C — CH3
HC CH 0,N— C C - NO,
+3HONO, “"‘_“T_"_‘;,, +3H,0
HC CH HC CH
CH C — NO,

1-meTun, 2,4,6-y4yHntpobeHson

O3 KesernHe GeHNJ ToOY MeTHJI paJluKaJIblHa TaacHp ITHUII, aJl TE3
OKHCTEHYYI® 2KeHAeMYY 00JI0T.

{0 =20
CeHs —CH3z + 3“0O» — ” CeHs — C\ + H20
OH
HeH30N KucnoTachl

By aTOMZOpAVH KaHa aTOMJOp TONTOPYHVH 63apa TaacHpHd TepcC
3JIeKTPIIYYJIYI'Y TOMOH GOJITOH aTOMAOPAOH Tepe 3JIEKTPIIYYJIYTY ZKOropy 00J1-
rOH ATOMTO 3JIeKTPOHAYVH OVJIYTTaphl KbUIBIIIBII, aJI XKaKTa 3JIeKTPOHAYK
6VJIyTTap/BIH KBTI KOTOPYJIall, PEaKIUAra KOHAOMIYYIYTY KYUYOUT.

§ 2. OprasMKaJbIK 3aTTAP/IbIH FOMOJOTHACHI JKaHA
U30MepPHUsChI

YeKTYy VIJIEBOAOPOALOPAYH 6TO KOl TYPY OeJTHIIyy. YekTyy yrieBo-
JIOPO/IZIOPAYH OUPHHYM MY4ecy CH; — meran. Kacuerrepu O00I0HYA MeTaH-
ra OKIIIOII YeKTYY VIJIEBOAOPOANOPAY MeTaHAbIH IOMOJIOrI0pY A€M aTalll-
KaH (IpeK ce3y «I'OMOJIOr» — OKIIONI JlereHAH ousauper). Meran/1aH KHH-
WHKHA YIJIeBOJOPOoAAop Oupy OMpHHEH KYpaMbl pororya CH2 ToOy MeHeH
airprpmasnagsimrca CHe TOOY TOMOJIOTHSAJIBIK aWbIpMaYbLIBIK TOOV Jen
aranar. Meranasia romosorgopy CHy — meran, C2He — atan, CaHs -
nporas, CsHjo — 6yran, CsHiz—nenras, CeH14—rekcan, C7His—renras,
CsHis— okras, CoHzo— HoHaH, CioH22— IekaH Gosyn caHasaT. 'oMoIorus-
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JIBIK KaTap/ars! yIJIeBoAopOoAAOPAYH KacHeTTepH! 63repyIl, KaifHoO KaHa
faJKyy TeMIepaTypajapbl KOTOpYJIauT, ThIIBI3JbIKTAPhI OCOT. G167
exyiepy rasuap, Cs — Cie YeHHHKHJIEP CYIOKTYKTap, Ci7aeH bauTamn Ka-
TVY 3aTTap.

YekTyy yriesojgopoatopaye exyay CaHio — Oyranjan damrran nsoMmep-
JIlepAM Naiijia KeUIblmar. YeKTyy yIriIeBoJAopoAI0pAYH KypaMbIH/Iarbl aTOM-
NOpPAVH BaJIEHTTYYJIYKTOPY YernHe YeHWH KaHBIIbIIIKAH, OallyIaHBIIITapPbI
YKOHOKOII, YeKTYY VIJIeBOJOPOJIOPAYVH KYpaMbIH/Arbl KOMYPTEK aTOMAOPY
sp® — rubpuagemyy abaabiaga Gosyiar.

MeTaH CHISKTYY YeKCH3 >KaHa yKbIIap KbITTYY YIJ1eBOJA0OPOAIOPAYH
aarsl roMoJIOTAOPY Oeyruiyy:

CsHs — atmier, H2C = CH: — areH, CsHe — nmponnies,

CHz— CH = CHz — nponer, CsHs — 6yTHieH,

CH3;— CH2 — CH = CHz — 1-6yTeH .0.

AlleTHIeHINH TOMOJIOIZIOpY:

CsHj, — anernner, H— C = C — H — atun, C3H4 — nponunes,

CH=C - CH3; — nponuH, k.0. JKbpimap XKeITTYy YIJIeBOAOPOAAOP
CsHe — 6er30aayH romosory CeHs—CHz— TosayoJr.

Kenuyjyk opraHMKajblK 3aTTap/blH KacHeTTepU aHbIH KYpPaMbIHA
raHa 6aiJaHbBIITYy 60J160CTOH, aHBIH KYPaMbIHAATbl ATOM/IOPAYH Kai-
JIAHBIII HpeTHHe Jarsl 0aIaHBIIITYY.
® Kypamoi, morexyraaviic maccacvt 6updeit, Kkacuemmepu ap mypoyy
601201 3ammap u3oMepJiep jem atagar. Mzomepiep ap KaH/ail KacHeT-
Tepre 33 6oaymar. Mucansl, KypaMbl C2HeO popmysiackl MeHeH TYIOH-

TyJIFAaH 3aT JKH H30MepJd Iamnja 0 H
kbuiaT: CH3CH2OH — atui cnupTH, V4
CH3; - O — CH3— guaTuan 3pHpH. C""‘*‘H s OOt
ITarsr mucaa keatupeinu CeHi1206 — H—C—OH H—C=0
(hopMyJIackl INIrOKo3ara xKaHa QpykK-
TOo3ara Tyypa kKeJer. HO==G==k He= =0k
By Mmucansi0b13/1a MOJIEKYJIa-
HbIH KypaMbIH/la aTOMAOPAYH CaHBbI, H—C—OH H—C—OH
MOJIEKVJIaJIbIK Maccajlapbl Oupien
2 pet DEPACR g—C—oOH H—C—0H
DOJITOHY MeHeH aHJiarbl 9KH Dalnka
ﬁ He——0C==0H H=—==0==0H
(OYHKIIMOHAIIBIK TOIITOP: —— (C — H H H
rnoKo3a bpyKTO3a

alpJeruy JKaHa /C=0 Kap0o-

TONTOPYH KapMall >KYPYIIKOHAYKTOH OyJI 3aTTap/IblH KacHeTTepH ap
TYPAYY4O.



OprasuKajblK 3aTTapja u3oMepJep/y Naija KUYy MYMKYHUYYJIYKTOPY
ore xoropy. Usomepsepau ap KaH/iail OpraHuKajbIK 3aTTapAbIH KOMYPTEK

YBIHXKbIPJIAPBIH/AA YUTYK JKaHaA Kol OallylaHbIIITap/a, MoJIeKyJiaZjarsl QyHK-
IMOHAJ/IbIK TOIITOPAYH abasibiHa, 0€eH30J1 lIaKeKYecCHH/e aTOMJIOPAYH TOII-
TOPYHVH JKafraliyycyHa Kapara u3domepJep namnja 6oior. Bysapaas ThI-
Kapbl MeHKHHUKTEe KOMYPTEK aTOMAOPYHYH OPTOCYH/Arbl KOII OaijIaHbIII-
Ka ykapallla MeHKMH/INKTHUK >KaHa cTepeou3oMepJiep naija 6oJor.

§ 3. OpranukKaJbsIK 3aTTap/arbl XUMHUSJIbIK OaWJaHBIIITAP/IbIH
TYPJOPY #aHa (PYHKIMOHAJIABIK TOIITOP

BaisaHBIIIITBIH TYPJIOPY

OpraHuKaJbIK 3aTTap KOBAJIEHTTYY VIOJICY3 ’KaHa a3 yoJayy bania-
HBIIITApAblH HeruauHae naiina donymar. KoBajseHTTHK OaWaHBIIITAp
raza AO 2JeKTpoHAVK OyJyTrapaas (1map, ragTenab .0.) aMec, aJapAblH
rubpuAAelIKeH (popMasapblHad naijia 6osor. KemyprekTur aromyna SP?
rubpugernyycy MyHesayy. bamkada auTkaHja, KOMYpPTeK Oalllka dJe-
MeHTTep MeHeH KONIyJraH/a Ta3a map ¢opMacblHAarsl S aToMAyK OpOH-
TaJ ykaHa rasTeab opmackigaarsl P AO amec, anapAblH €3apa ruOpHu-
muk AO nanpganaHbLIaT:

CR
\ T O ———
C®

$66 ¢

S 3P 4SP? — rubpupauk

3NeKTpPoHAYK bynyTtTap

Yimyi ruOpUAIHK 2JIeKTPOHAYVK OyyTTap MeMKHHAUKTE TeTpasap
hopMachIH/la KaUramiar.

MeraH1a KOMYPTeKTHH TeTpasap popMackiHAars! SP’ rubpuuK aJIeK-
TPOHAVK OVJIVTTaphbl MeHeH CYYTeKTHH IIap (popMachIH/AArbl 3JIEKTPOHAYK
OyJIVTTaphbl ©3apa KalTaJIbll, OeKeM OaiiaHbIIIAT. JJIeKTPOHAYK OYIyT-
TapAblH KallTaJbIIIbl KaHYaJIbIK KbII 60Jico, Maija 60JITOH XUMHUAJIBIK
failylaHbBIII OIIIOHYO DekeM 00JIOT.

BaitnaHbsIIKa KaThIIIKaH 3KXA aTOMAYH AAPO-

JIOPVH TYTAIITHIPYYYY TY3 CBHI3bIK OOIOHYA 3JIEK-

TPOHAVK OVJIyTTap »Kairamica, 0aigaHbll OexeM

: 6osy1, ajl G-curma OaiJIaHBIIIBI ZIell aTajaT. drepje

JIEKTPOHAVK OVJyTTapAblH OarbsITTAJBIIIBI JAaJ

Kesi0el sSiIpOHY OMPHUKTHPYYYY ChI3BIKTBIH CHIPTHIH-

1a — MeMKHHAUKTe a|raiica, agHjia n-0aujiaHbl-
mbI mamuaga 60JoT.
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OTHIeH, alleTHJIeH MoJIeKyJlaJlapbIHbIH I1aijia 00JIYIIIYH 3CTerne.

KenuyJlyk opraHHKaJIbIK 3aTTap/iblH KypaMJAapblHa KOMYPTEK MEHEH
cyyTeKTeH 6amka aneMeHTTepAuH aTromaopy (Oz, S, Nz, P) »x. 6. Kuper.
KeMypTek MeHeH CyyTeKTeH Oalllka 3JleMeHTTep/IuH aToM/10py bepuiiren
KJIaCCTap/blH KAaCHeTTepHH aHbIKT00YY aTOM/IOPAYH TOIITOPYH (DYHKIIHO-
HaJIABIK TOIITOP eIl aTall ;Kypeo0yas.

@ Beazunyy kaaccmapea myno3dyy kacuemmepou Kepcomyyiy amomoop
Hcana amomdopdyr monmopy GPyHKIMOHAJUIBIK TOIITOP Jell aTajar.

MeIEAai GYHKIIMOHAJIABIK TOOTOPro TOMOHKYJIOD KHUpeT:
OH , NO;, NH3, —COOH, SOgH", Cl°, Br, J'

O
\\C—H \c— -
H/ — ) O

Comprrepre MyHe3AYY dbyHKIuoHanNAbIK Ton — OH™ ruapokcui Tooy,
CH30H — metm ciupt, CH3CH20H — st ciimpti, HO — CHz— CH20H -
3THJIEHTJINKOJIb.

AJpaerujyiepre MYHO31YY
O O
Y sl
N aJbyerua Tooy, H NG KYyMypCKa aJlbJeruau,
H H
/0
CH 3_ G
\ — VKCYC aJbJeruau
H

Kapb6orayk kuciaoranapra mynesayy — COOH kapboKcuI (hyHKIIHO-
Hanasik Tooy, HCOOH — kymypcka kuciaoracel, CHz— COOH — ykcyc
kucaorachkl, C17H35COOH — cTreapyH KHCJIOTACHI.

Hurpobupukmenepre myHoesayy — NOz2 — HUTpo ToOY.

AmuHzgepre myHoesayy — NHz — amuHO TODY.

VrieBonOpPOAMOPAYH TrajloreHAYY TYYHYAyJapblHa MyHe3ayy — F,
— Cl, — Br, — J Tonrop, CH3Cl, CH3CH:Br, CH3J .6.

KenuyJlYK opraEHKaJbIK 3aTTapAblH KypaMJapblH/Ja 3KH ap TYPAYY

(hVHKIIMOHAJABIK TOITOPJY KapMall »KYpPreHJepy Zarsl 6ap, ajapra au-
PBIM MHCAJIJapAbl KeJTHPeH:

CH, — CH — COOH — cyr kucioTacsl

|
OH
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HOOC — CH> — CH COOH — anma KHucJI0Tachl
OH

NH; - CH: — COOH — aMHHO-YKCYC KHCJIOTAChl
NH: - CH: — CH2z — COOH — amuHOIIpoIaH KHUCJIOTAChI

oropy kakTa caHal ©TKOH (DYHKIIMOHAJIABIK TONTOPAY KapMall
KYPTOH 9H HerM3I'¥ 3aTTapAbl, ajlap/iblH KacHeTTepUH 3CHUHepre TYLIYPYI,
THUellleJYY peaKIMsijapblHbIH TeH/eMeJIepHH Ka3rbla.

OprasmKaJbIK 3aTTAP/AbIH HEIM3TI'H KJIACCTAPbIHBIH
OPTOCYH/IArbl Fe HeTHKAJBIK DaHJIaHbIIII

X KJaccTa ©TYJIN6H OpraHMKaJIbIK XMMUSAHBIH HETU3TH D6JIYM/I6pYH
OKYII assKTaraHjaH KHMHWH OpraHUKAaJBIK 3aTTapJAblH OPTOCYH/Ja ThITBI3
reHeTHUKaJbIK Oalyiadgblll 6ap sKeHAUIHMH OaMkaraHcbIiHap. AJ bauia-
HBIIITap/Abl KOPCOTYYUY cXeMaJlap/bl UIII KY3YHO alllbIpyy 000HYa CHJIep-
ne 6enruiyy blIkMa KaJbilnTaHrad. Mucas karapsel ap oup desymjaery 3ar-
TapAblH OMpHHeH OalllKajJlapblHbIH KEeJIHUII YbITbIIIBIH KOPCOTYYIY alJIaHyy-
Jlap/ibl UIIITEIl KOpeJly.

TeMOHKY cXeMaJIbIK TYp/le OepiireH ailylaHYyHY MIII KY3YHO alllbIpyy-
yy peaKIUsJIapAblH TeHAeMeJepHH Ka3bll, TeHAeruye. Ilaijga Gosaron
zaTTap Kalchl 0eJIyMIe THelleslyy ara aHbIKTama Oepull, aJbIHIaH 3aT-

ThIH KaCHeTHH MYHO3/16I'YJIO. O
1) > CoH, = CoH;sOH =9 CH g = /
0—-C,H;

CH4 - CEHE—CGHG - CﬁHsNOg - CSHGNHz — CﬁHﬁNH3Cl

+ O O O

/ / /

H,C—C' = Hs;C—C' = H;C—C

\ \ \

H OH O — Na

) nm

C = CHy = H—C =-» CH;0H == CH;Cl = CH;0H -

N\
H 0 0

L o
- CH,Cl = C,H; = C;H;0H - CH;—C / - CH;— y

O —CH;,
OH
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OprasuKaJblK XUMHM S HIMMHHHUH TYHHOHY
TAAHBINM-OMJIYY/10TY MAAHUCH

X KJjaccTa OpraHMKaJIBIK XUMUSA KYPCY MeHeH TaaHbIIYY aHbIH XM
KaTapbl OHYI'YY TapbIXbIHaH OamTairad. XIX KpUIBIM/BIH OAlIbIH/A OeJI-
ruityy 60JTOH 3aTTapAbl MHHEpPaJ/IbIK KaHa OPraHMKaJIBIK 3aTTap JAell
3KH TOIIKO GesymuTypymkeH. Onros ydypaarsl KOO4YJIYK OKYMYIITYYJiap
OpraHMKAaJIBIK 3aTTap «TYPMYIITYK KYYTYH» TaaCUpH MEHEH OpraHusmje
raga naija 6os0T zel acenTeniked. MbIH/lal K63KapaluTarsl OKYMYIITYY-
JapAbl BUTAJIMCTHK (vita — TypMyII slereHiu OMJIIUPET, JIATBIH CO3YHOH
aJIBIHTaH) OKYMVIITYYyJaap AelIKeH.

MBbIHZaH Ke3Kapallka AYHHOHYH KONUYJIYK OKYMYIITYYJIapbl MaKyJI
6016011, ©3/I0PYHYH 3KCIIEPHUMEHTTUK N3HUJJI06JI0PYHYH KbIHBIHTBIKTaphI
MeHEeH OpraHMKAaJbIK 3aTTapAbl OPraHUKAJBIK 9Mec 3aTTap/au dJje IIpo-
GMpPKAaHBIH HYMH/e CHHTe3/ell ajJyyra 6010 TypraH/IbII'bIH aUThII, HeMHC
okymymryyiaapsl @. Besnep, A. B. Koinbpbe Ko3yKyilaK KHCJIOTACBIH, MO-
yeBMHA KAHA YKCYC KHUCJIOTAChIH CHHTe3/IelITH. AJl 3MHA DPpaHIy3 OKY-
mymTyyey M. Beprose maiutyy, opyc okymymryycey A. M. ByTiepoB KaHT-
TYVY 3aTTap/bl CHHTe3/Iell aJIbIIIIKaH.

CaHall 6TKOH OKYMVINTYVJIapAbIH HIMMHAHN dMI'€KTepHd BUTAJINCTHK
TeOPHUATa COKKY YPVII, OPraHUKAIBIK MIIMMHAN XUMUASHBIH HETU3UH TYIITOII-
Ty. AKanmel XUMUSHBIH KypaM/IbIK 0eyry 601yl opraHMKaJblK XUMHS
enyre 6amrazasl. lllapTTyy TYp/Ae 3aTTapAbl MUHEPAJIABIK, OPraHUKAJIbIK
el 6eIymITYproyoys MeHeH OyJI 3aTTap XMMHJIBIK allJlaHyyJ1apja oupu
6upHHe Tyl TypaTr. OpraEMKabIK 3aTTap/blH 0apAbIrbl KYHYII KOII CaH-
larbl 9HePrUsHbI 06JIYII YbIrapyy MeHeH MHHepaJIIbIK 3aTTapra eTeT. Al
MHUHepaJJbIK 3aTTapjaH »KallblJl 6CYMAYKTOP/A® (DOTOCHHTEe3 IIPOIleCCH
PKYPYII, OpPaHMKAJIBIK 3aTTap nauga 00JoT.

NauMAnH KeTHIIKeHIUKTepUHIH HaTbIMKAaChIH/Ia KOCMOXHUMHA Tap-
Marbl OHYI'YII, KOCMOCTOH KeJITeH MeTeOpHUTTEep/eH aJblHI'aH MaaJIbIMaT-
Tap, Al/laH aJbIHI'aH TONYPaK AYHHOHYH KOIIYYJYK JabopaTopusaIapblH-
1a aHAJMU3eJun, AMIaH aJbIHTaH TONYPaKThIH KypaMbl Jdlep/ie Ke3/el-
KeH aiflpbIM IIopojlajlapra KypaMbl 00l0HYA KaKbIH 60J1y1I YbIKTHI. KocMoc
ajgam baslachIHA KONTOreH MaajbIMaTTap/bl 6eper. Busre 6earuiyy 60J1-
I'OH 3JIEMEHTTEep/HH alpbIMJAapbl KOCMOCTO Jla Ke3JelleT.

JaparsLslinTa 3JleMeHTTep Iai/ia KbJITaH 3aTTap/AblH Ke3/1elIH-
[IIM YKe Ke3Jelllneecy ajJapAblH KacueTTepuHe OaNJIaHbBIIITYy: 9PUIUYTH-
ru, yuma 60s1yImy, TepMHKaJIbIK TYPaKTYyJIyry, OKHCTEeHYY-KaJbIObIHA
KeJIYY »KOHJIOMAYYJIYKTOpPYHe OalaaHbIITYy. sHaparelIblITa KEeHUPH
TapaJiraH KeH 6alJIBIKTap aHAarsl ;KYpreH NpollecCTepANH KbIHbIHTbI-
I'bl; KapaThLIBIIITA ThIHBIMCBI3 XMMUAJBIK IIPOIleccTep »KYPYIl TypaT:
3pYY, 3PUTHHAMXJIEPAHH apaKeTTeHUINIH, 3aTTap/AbIH cyy/a 3pHUIIH KaHa
KapajaH KpHcTajgamyycy k. 0.
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JKaparsuibli MaTepruaaayy. AJl 63YHYH 3aKOHJIOPY ’KaHa 3aKOHYe-
HeMYYJIYKTOpPY MeHeH jKallaiT, e3reper, eHYrer. Ouronx AYHHOHY Taa-
HBII-OMJIYYHYH HerM3uH JUAJeKTHKAJIBIK MaTepuaJana3M TY3eT. Marepus
©3YHYH 3aKOHJ0PY MeHeH Jkallarad o0'beKTHUB/AYY YbIH/JbIK, aHBIH KAII00
chopmachl — KbIMMbLI. KBEIIIMBLICHI3 MaTepus, MaTepHUAChI3 KbIMMbLI 00JI-
60iT. KBINMBIIZIBIH KOIITOTOH TYPJIOPY OeJruinyy: OMoJOrusAJIbIK, XUMHUSA-
JIBIK, MEXaHUKAJBbIK, 3JJeKTPAHK KaHa KOOMAYVK.

OlIeHTHII MAJIIIBI 2J1e XUMUAS WJIMMHU aHbIH OUp TapMmarsl O0JII'OH opra-
HUKAJIbIK XUMHS MaTepHaJJIyy AYMHOHY, aH/arsl allaHyyJiap/bl OKYY MeHeH
AyiiHe — MaTepHaJIyy, ajl @HYI'eT, 6ceT JlereH >KbIMbIHThIKKA KeJleT. [laiibiMa
yKapaTbUIBIIIITA ©3repyyJiop 6oiyn TypaTt. by esrepyyiiep KapaMa-Kapllbl-
JILIKTBHIH OMPpHUMAYYIYTY apKbLIVY MIIKe amiar. Japarsuibnira abadbiH, CYY-
HYH kaHa KyH HYpYHYH TaacMpH MeHeH OUp TYpAYY 3aTTap O0y3yJyIl Typca
(TooTeKTepHMHUH OY3VJIYII TONYPAKTHI Iaiia KbUIbIIIbI), Kaypa »KaHbl 3aTTap
naiaa 6osoT. A{apaThUIBIIITA KYPIOH 63repYYJI6pAYH aHbIH yJIaM KaHbI (DaK-
THhUIAPbIH XUMHS WINMH HalajaHblll, 7KaHbl 3aKOHAOPAY advblll, ajJlapAbl
IPaKTUKAJIBIK TYPMYIIITa NajajIaHyy »KOJIZIOPYH HUIITEI YbIIbIIIaT.

OnypymITy KaHa aubll 4ap0aChlH XMMHAJIAIITHIPYYAa
MOJIMMEepPAMK MaTepuaJjjiap/ibl CHHTe3/I00HYH MAaaHUCH

OprasukajablK XUMHAA KYpCeYH/a 643 TaOUIbIA KOTOPKY MOJIEKYJIAJIYyY
3aTTapAbIH alipbIMIapbl MeHeH TaaHBIIITHIK. AJlap »KapaTbUIbIII Kay4dyry,
KpaxmaJl, IIeJUTI0JI03a yKaHa 6eJloK, HYKJIeMH KAcIoTackl. HyKJleMH KHcjoTa-
chbl TAOMTBIN ITOJIMMeEP, ajl KOIITOreH MOHOHYKJeoTHAnepieH Typar. Hyk-
JIEMH KUCJIOTACBIHBIH MOHOMEPU MOHOHYKJIeoTHAlep. MOHOHYKJIeOTH/Iep
VIVIEBOJZIVK pubo3a 7KaHa /1e30Kcupub03a KaJaAbIKTapblHAH, IPUMHAAUHIANK
’KaHa NIYPHHIUK HEeru3jaepjeH Typar.

JKoropy »xakra Ou3 aTall 6TKOH TAOBIIBIN IIOJIMMepJep ajgaM baJia-
CHIHBIH KaHa OH/YPYIITYH TaJalTapblH KaHaaTTaHAbIpa ajddanTt. OmoHAYK-
TaH 2J1 4yap0achbIHBIH KaHa OHAYPYIITOPAYH TajJlalTapblH KaHaaTTaH/bI-
pyyra >XeTHIIYY YYYH CUHTeTHKAJIbIK BIKMa MeHeH KOT'OPKY MOJIEKYJIaNyy
NOJIMMEpPJIepAH OHIYPYY Tajlanka bUIaubIKTYy. OIIeETHII CHHTeTHKAJIbIK
OHOp KaMJIap/Abl OHYKTYPYY YUYYH aJlap MIITEeTYY4Y ChIpbesop 00JIyIil Kepek.
AHa¥ YMHUKH 3aTTap MyHaH ’kaHa aHBIH NPOAYKTYJIapbl, TAIIKOMYPAY
KOKCTOO/IOH aJIbIHIaH apbIM 3aTTap, YeKCHU3 YIJIeBOAOPOAA0p #.0. acenTe-
aer. CHHTeTHKAJIBIK OHYPYII HIITeTe TYPraH ChIPbheJIOPro »KapaThbLJIbIII
YKaHa He(TH MEeHeH 4oryy KeaJlellyydy ra3iap Aarsl KApeT.

OprasuKaJIbIK CHHTEe3 BIKMachl MeHeH OHJAYPYJI'OH KOIIT4YJIYK KOTOPKY

MOJIEKYJIAJIVY 3aTTapAblH TYIYJIYIIITOPY KaCcHeTTepy MeHEeH CHIEepD TaaHbIIIIacCbl-

— CH,— ?H —),, —momuxiop Bumma, |— CHy— (IJH—
n
Cl CH;

Hap. Mucaisbl,

— HOJINIIPDOIIHJIEH 7K. 0.
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JKoropKy MoJIeKyJIaIyy 3aTTap — oJIMMepJIep 9KH bIKMa MeHEeH OH/IYPYJIoT:

1. ITonuMepJremmyy peaknusicbl. MbIHZIa YMHKH 3aT, MUCAJIBI 3TUJIEH-
AUH MOJIeKyJiachl, aHbl MOHOMep eIl Korpomar. by yuypaa MHHJIereH
MOHOMepJiep OMpHUIHI, DA MaKpoMoJIeKyJIa Imanza 60Jor.

2. [TonukoHIeHCcAalA A peaKIIHsAChIHBIH HAaThINKaChIH/a KOI'OPKY MO-
JIEKYJIaJdyy 3aTThl O6HAYPYY. DyJ ydypZa YMUKH 3aT TOMOHKY MOJIEKYJIa-
Jyy ap 6amka 3aTTap apakeTTeHHIINII, }KOTOPKY MOJIEKYJIalyy 3aTTaH
ThIIIKapsl Komymua npoaykryaap (H,0, HCI, NH,) ansiaar. Mucaisr,
tdheHOI hopManbAernj YaibIpblH OHAYPYY MEHEH TaaHBIIIacChIHAPD.

CHHTeTHKAaJbIK bIKMa MeHEH OHJAYPYJIT6OH KOMOpPKY MOJIEKYJIJIYy 3aT-
TapJaH IJiacTMacca, KOppo3usira TYpPyYKTyy *kabayyiap, paiuoTeXHHKa-
na, TejJeMeXaHHMKa/Ja KOJIJOHVJIYYYY TeTHKTep, CYy OTYydy TYTYKTep,
XMMHAJBIK 3aTTapra (Iejgodys »XKaHa KHCJIOTa) TYPYKTYY OOJITOH ala-
paTTap, ajJapAblH TETHKTEePH, TUIOIrPAMUAIIBLIK IIPAQPTTEp ap KaHAan (peHo-
IJIacTTap, CHHTeTHKAJBIK OyJajlap, CHHTeTUKaJIBIK Kay4yKTap; aHJaH
OyTragueH, AMBHHII, H30IpPeH, XJOPIPeH KayuyyKTapsl aJblHAT, ajap/blH
KOJIZIOHYY TapMaKTapblH OmiecuHep. CHHTeTHKAJBIK OyJajlaplad Kall-
pOH, JlaBCaH, XJOPHH, HAUTPOH ».0. Ke3JeMeyiep OHAYPYJIYII ap TYPKYH
TapMaKTapaa KoJionyJaT. By Ke3nemenep 6ekeMAUTIH, KYOOre TYPYKTYY-
JYyry . 6. canmarrapbl MeHeH abIpMaJlaHbIIIIaT.
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. Cypoonop xaHa KeHyryynop

1. OpraHukanbIk Ty3ynyLl TeOpUSCbIHbIH BUPUHYK, IKMHYM )KOBOoNopyHa aHbIK-
Tama Bepun, mucanaap KenTupun, ganunaerune.

2. OpraHukanblK Ty3ynyll TEOPUSACHIHBIH YYYHYY XaHa TopTyH4Yy X000nopyH
Mucangap MeHeH ganungen 6eprune.

3. [oMonorusHbl KaHgawn TylwyHecyHep?

4. Xumusanblk 6annaHbil XaHa aHblH Typfepy Kaucolinap?

5. OpraHukanblk 3atTapaarb! PyHKUMOHANAbIK TONTOP Kanucbinap?

6. TemeHky 6epunreH annaHyynapzbl UL Xy3yHe allblpyyyy peakuuanapibiH
TeHAeMenepwH Xasbin, TeHaerune xada nanaa 6onrod 3atrapAbl ararsina?

1) CaCO, » CaO » CaC, > CH, - CH, » C.H.Cl - C.H,OH

2) CHOH - CH, - HO-CH,-CH, - OH —» CO, —» CaCO, — Ca(HCO,),

7. [lynHoHy TaaHbin-bunyyHy KaHgan TylwyHecyHep?

8. [lynHe maTtepuanayy AereHau kaHgaw TywyHecyHep?

9. CuHTEe3aunk eHepxannapAbliH Cbipbenopy kaucoinap?

10. CuHTEe3anK oHepXXannap/aa Kanuchl XXOropky Monekynanyy satrap anbiHart?

11. lNonumepnepaw atarbina, anapabl Kaucbl TapmakTapda navganaHabbi3?



Il zrasa

8—9-KJACCTA OTYJI'OH XUMHUSIHBIH
HETH3I'W BOJYMJIOPYH KAHTAJIOO

§ 1. XUMHSJIBIK HErH3ru TYUIYHYKTOP KaHa TEPMHUHICP

X MMM AJIBIK 2JICMEHT JKaHa 3aTrap

@® soponyn sapadvl deana a1eKmMpoHAYK mMy3yayury 6updeu amomOyH
mypy XMMHSJIBIK 3JIeMEHT Jlell aTajar.

Ap OUp XUMHUSAJBIK 3JIEeMEHTTHH aThbl (CHUMBOJIY) 3JIeMeHTTHH OeJru-
cH MeHeH MYHO3/6JIOT KaHa aHbIH JIaTbIHYa aThIHBIH OUp 2Ke 9KHU TaMra-
cnl MeHeH Genrmaener. Mucansl, cyyrek — H (Hydrogenium), KbIYKBLI-
rex — O (Oxygenium), kemyprexk — C (Carboneum). XuMHAJIBIK Denru-
nep hopMyJIajiap/bl 2KaHa TeHJieMesepd TYIOHAYpPYyy/Aa maugaaaHbLIarT.

3arrap ’kaHa apajianmajap

3aT MaTepUsiHbIH Oenruiayy Oup camaTrrapra 29 00JITOH YeKCHU3 KOIl
dopMasapblHEIH Oupn. XuMHusA — 3aTTap, ajJapAblH KypaMbl, TY3YJIyuly,
(hM3NKaTBIK-XHMHAJIBIK KacHeTTepH KaHa ajlap/blH 63apa aMJIaHbBILITA-
pPbI KOHYHAOTY TAOMIBIM MIHM. Xumusaaa oearmiyy miaprra TYpyKTyy
GU3MKAJIBIK KacHeTTep MeHeH MYHO3/16JII'OH, ThIHY abanja ©3YHO THe-
mIesIyy Maccara 23 00JroH 6upjei 06JaYK46JI16pAYH ToOYH 3aT el aTauT.

Ap 6up 3aT KYPaMbIHBIH TYPYKTYYJIYIy KaHa TEKTEIITHTH MEHEH
MYHO3/10J16T, 6apAbIK Maccaja Oup/eil KacueTTH KepcoToT. Mmucainsi, Te-
MHp, »Ke3, XJ0p, KbIYKbLITEK, 030H, a30T JKOHOKOH 3aTTapAblH, ajl 9MH
cyy, akuTaml, 6op, KaHT, KalHaTMa Ty3 TaTaaj 3aTTapAbIH TYPJIOPY 0o-

JIYII 3cenTesieT, KAAUMKH LIApTTa TYPYKTYY OOJITOHAYKTAH ©3repyycys
caKTaJar.

"KoHokoil sarrap 6Up TYPAYY 2/IeMeHTTHH aTOMJOPYHaH (He, Ne,
Ar) ke monekysaanapsiHad (H,, O,, O, Gl N; 7.0.), aJ 3MH TaTaal
3aTTap 9KH JKe aHJaH KOIl 3JIeMeHTTHH aTOM/IOpYHaH TyparT. Mmucainsl,
H,0, CO,, NaCl, CuSO, 5H,0 x. ©.

3aTTapAblH TOMOTeH/AYYJYI'YH aHBIKTOO YUYH aHBIH Ta3aJpII'bIH aHA-
JIU3100 >KeTHUIIICU3AMK KbUIAT, cebedu KyuMaiap, 3pUTMeJIep, aba — ro-
MoreH 1Yy 00JITOHY MeHeH Kypam/lapbl 63ropMeJIYy 00JI0T, IeMeK, KacHeT-
TepH Jla KypaMbIHa yKapalia e3roper. By.aap apaaawmanap den amanam.
Apasiamvasap *KOHOKOH JKaHa TaTaall 3aTTap/AbIH OMpOHYOU — I'OMOreHAYY
6eJryry 00JITOHY MeHEeH Ta3a 3aTKa sxarnaitr. Tonypak, Taul, 6eToH, Y0IOH,
sKBITau, aba k. 0. OUp Hede 3aTTap/bIH apajlalliIMachblHaH TYPraH/bII'bIH
SKOHOKOIT 3716 K63 MEeHeH, MUKPOCKOIITYH ke Oalllka KypaJ/JblH 7Kap/aMbl
MeHEeH KOpYyyre, aHbIKTOOTO DOJIOT.
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XMMHSHBIH 9H HEeI'M3r'd TaKpblitbasiapbIHbIH OMpH apaJjialliMajiad Tasa
3aTTap/Abl Oesyn anyy. XUMHSAJIBIK jJabopaTopusa apajaliMajlapAbl XM-
MHK ajrad Tasajall, Tasa 3aTrapra 6esyyre Kupuiner. 3aTrapAbl apaJjali-
MaJlaH Ta3aJIOOHYH bIKMajlapbl KOII: OYYJIaHTHII aif/Io0, 9KCTPAKIIUAJI0O0,
a/icopbnuAI00, KPUCTAJLIAAIITHIPYY, HeHTPUGDYTAIINAT00, YOKMOJIOPAY
cy3yn 6eJ1yy, 3JeKTpoJIu3, 3jJeKTpodopes . 0.

3aTThIH TAa3aJIbIIbl GU3UKAJIBIK KACHETTEPUHUAH KOPCOTKYYTOPY Me-
HEeH aHBIKTAaJIaT, arepje 3aT Ta3a 60Jico, aHBIH (PpU3UKAJIBIK KOHCTAHTA-
JIapbl (BPHUIMYTHK, DAJIKYY ’KaHa KaMHOO TeMIlepaTypajlapbl, ThII'bI3IbIIbI
XK. 6.) TYpYKTYY 60JIOT.

TaTaan 3aTTapAbl )KOHOKOM 3aTTapra a)XbIpaTyy — aHajau3i (Irpek.
analisis — a)xpIpaTyy, 60JYYy), aJ 9MH >KOHOKOM 3aTTapAbIH ©3apa apa-
KeTTeHHUIIIYYCYHOH TaTaaJl 3aTTapAbl ajlyy — CHHTe3 (r'pek. sintesis — 6H-
PHKTHPYY, KOIIYY) A€l aTajar.

XHUMHUSA WINMHAH aHAJIA3 MEHEeH CHHTEe3CHU3 3JIeCTeTYY KbIMBIH, cebebn

aJlapCchbI3 a3bIPKbI Me3THJIJIerd IPaKTUKaHbIH TaJalTapblH KaHAATTAHIbI-
pPyy4y KacHeTTepre 33 ODOJIN'OH ©TO Ta3a, XOHOKOM, TaTaaJ »KaHa »KaHbl
(PE3HOJIOTHAJIBIK aKTABAYY 3aTTapAbl, Aapbl-AapMeKTepAH aJlyy MYMKYH
aMec.
® Oxuwmeandan ken snemenmmun amomdopyrnam naida 60a20H, Ky-
pamvt. mypykmyy mamaan 3ammap XMMHASJIBIK OMpHMKMe Jlell aTajar.
XUMHUAIBIK ONDUKMEHH NTai/ia KbLJITaH 3JIEMEHTTep/ANH CAaH/bIK KaThIIII-
Tapkl 63repce, KacueTTepH 6ooHYA OMpy OMpHHEH abIpMaJIaHTaH KaHbl
TaTaaj 3aTTap nauja d6oxor. Mucainsl, CO (uc rassr) xxana CO,(kemyprek
(IV) okcuan).

ATOM XKaHaA MOJIEKyJa

Ap 6Mp aTOMZIYH >KOHOKOM >KaHa TaTaajl 3aTTapiAbl maija KbLIYY
PKOHAOMAYYJIYTY aHBIH aTOMYHYH TY3YJIYIIYHO KO3KapaHAbl 60JIOT, OLIOH-
AYKTaH aTOMI'O MBIHJIayl aHbIKTaMa Oepuer:

ATOM — XHUMMAIBIK 3JIEMEHTTHH 0aP/IbIK KaCHeTTePUH AJIbII JKYPIroH,

OH 3apsAIYy AJAPOIOH KaHaA TEPC 3apAUIYY JICKTPOH/OH TYPraH 9H KH-
YHHE 3JIEKTP KaKTaH HeUTpaJyIyy DeayKye.

XHUMHSAJIBIK peaklUsA YIYPYH/Ja aTOM/IVH CBIPTKBI 3JIEKTPOHAYK AeH-

I'aajljierd 3JIEKTPOHJIOPY raHa e3repyyre ydypamur, ajJapiblH caHbI OMIOJI
3JIEMEHTTHH BaJICHTTYYJIYI'YH aHBIKTAMT.

Mojekyia 9KH Ke aH/IaH KOII aTOM/IOP/IOH TYPraH 06JIYK4Ye 9KeH IH-
' MypAa 3Jie Januijileired. KUNMHKA XUMHAIBIK OafJIaHBIIITHIH XKapa-

THLIBINIBIH TYIIYHAYPI'OH TEOpHUsIap/blH HeIrH3UH/le MoJleKyJlara TOMOHKY
aHbIKTaMa OepHiIIn:

Moaekyna — 3aTThiH 6aPABIK XMMUSLIBIK KACHETTEPHH HINHE KaM-

THITAH OMp/IeH e ap TYPAYY JIeMEeHTTHH ATOMAOPYHAH TYPraH 3aTThIH
9H KMYMHE 3JIEKTP KaKTaH HeUTPaJIyy 06 IYKUecy.
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Moo — CaH JKarbIHAH aTOMIYEK, MOJEKYJIaJbIK, HOHIYK, (hopmyJia-
JIBIK MaccachiHa dapabap 60JroH 3aTThIH PAMM MeHeH TYIOHTY/IraH Mac-
caJIbIK CaHbl.

Jlemekx, MOJIb aTOMAVK, HOH/IYK, MOJIEKYJIAJIBIK, GopMyJIaIbIK Macca-
HBIH I'PAMM MeHEH OJYOHTOH CAHbIH TYUIYHJYPrOHAYKTOH, 3JIEMEHTTIH oup
MOJIVH/Iarbl ATOM, MOJIEKYJIa KaHa MOHJIOPAYH CAHbIHA fapabap GosioT. A
can 6,02 x 10® dapabap Oosyn, ABOrajipo CaHbI JleIl aTajar. Mucassl,
1 moss H,80, Maccacsl 08 2, 1 moab xKemypTekTHKH 12 2 k. 0., 0. a. Mac-
cajiapbl TYP/yy 60JITOHY MeHEH MOJIIOPYHYH CaHBI 1re 6apabap aen ajJbIHaT.

JleMeHTTHH OMp aTOMYHYH Ke 3aTThIH MOJIeKYJIaChIHbBIH MacCaChlH
Tabyy Y4YH ajJap/iblH MaccacblH ABOra/[pOHYH CaHbIHA 0OJIYII KOIOY 2KeTH-
HIepJIHK: '

A M

My~ 6.02102%° "™ 6,0210% (1.1)

Mucansi, m, = 1,008/6,02:10% =0,167-10* r
m,, = 32/6,02:10% = 5,32.10°% r

XuMusiasik ¢gopmysaa O6MpHKMEHUH KYPaMbIH TOJYK darblIAbIpran
GeJIrHJIep/iMH YOryHEAYCY. DUpHKMeHH naijia KblJIraH 3JIeMeHTTUH aTOM-
JIOPYHYH CaHABIK KaThIIIbI aJlap/bIH CAMBOJYHAH KHNHAH KOIJIr'aH UH-
JleKCH MeHeH TYIOHTYJIaT. drepjie GopMyJIajiarel 3J1eMEHTKE HHACKC KOIOJI-
faca, aHBIH OMp raga aToMy OOJITOHYH KOGDCOTOT. Mucaspl, KEMYPTEKTHH
okcuiepuENE dpopmynartapsr: CO, CO,. BupuHUYMCHH/Ee KOMYPTEKTHH OMp
ATOMYHA KBIYKBUITEKTHH OMp aToMy, 9KHHYHUCHH/E KOMYPTEKTIH oup
aTOMYHA KB[YKBUITEKTHH KM aTOMY Tyypa KeJepH AaMKBIH KOPYHYII TY-
par. OmeHTHn, GopMyja Taraaja 3aTThIH dJIEMEHTTHK KYpaMBbIH raHa
aMec, aHbIH aTOMOPYHYH CaH/IbIK KaThIIITAPbIH KOPCOTOT.

@ 3Bammotn Kypambidazbt amomdopoYH IK KULUHE candolic Kamblud-
mapvth zana 4azvtadvipzak Gopmyna IMIMAPHKAIBIK ¢dopmysa neln
aranar. Mucaxsr, NaCl, HO, CHO x. 6. MpIHZA# SMIOHUPHUKAJBIK
(opMyIasapAbl XAMHUAJIBIK aHAJIN3/IMHE HETH3NH/Ie aHbIKTAIIAT, ajl aMH
3aTTap/bIH YBIHBIIEI MOJIEKYJIAJIBIK (DOPMYJIAChIH tabyy Y4YH aHAJIU3JIUH
SKBIHBIHTBIKTAPBIHAH THIIMIKAPhl aJapJblH MOJIEKYJIAJIBIK MacCcachl e
6VYCYHYH ThITBI3bITbI Oeruiyy 60ymy Kepek.

XUMUAIBIK GEpUKMeHHH (HOpPMYJIachlH Ka3yYHYH BIKMAChl aHbIH
CTPYKTYPACHI JKOHYH/I0 KOLIYyMYa MaajbpIMaT ajlyyra MYMKYHAYK Oeper.
Mucasibl, TeMHUP cyiabGhaThIHBIH (POPMYJIACHIH Fe,S,0, ,xe Fe,(S0O,), nen
»xazyyra 00JI0T. bupoxk Fe283012 OMpHUKMeJlerd aTOMAOPAYH CaH/IbIK Ka-
THIIITApPbIHAH OallKa 34 KaHAad TYIIYHYK Gepbeitt, ax amu Fe (SO,), —
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6MPUKMEHMH CTPYKTYpPAachl JKOHYH/O KOIIyM4a MaajJbiMaT beper: popMy-
Jlafarel Y4 jlereH MHAEKC OupuKMe/ie Y4 cyJIb(haTThIH 00JITOHAYIYH, OHp-
AUKTYY 66JIYK4YO KaTapbl peaKIUAra KaTbIIIapblH KaHa TEeMHPAHWH JKH
HOHVHA CYJIb(haT XOHYHYH Y400 Tyypa KeJIepHH KOpCcoToT.

BaJleHTTYYJYK KaHa OKMCTEHYY jJdapaxacel. XUMHUSJIBIK (hopMyJa
3JIEeMeHTTHH BaJICHTTYYJIYT'YHO »Kapala Ty3yjaeT. BaJdeHTTyyayK — XMuMHUA-
JBbIK 0AaMJAHBIIITHIH CAHBIH KOPCOTKOH 3apPA/ICHI3 YOIUTYK: aTOM YYYH OH
CBIPTKBI BAJICHTTHK JJEKTPOHYHYH CAHBIHA, a4J1 MM MOH/IOP YYYH aHBIH
3apsjabiHa Oapadap.

Jrepze 6MpHKMeHHH dopmytackl bearuayy 60sico, aHbI TY3I'OH dJIe-
MEHTTEep/AMH BaJEHTTYYJYKTOPYH aHBIKTOOro 60Ji0T. AJI YUYYH BaJIeHT-
TYYJIYKTOPY TVPVKTYY 3JIeMeHTTepAX NTalaJaHbIMbIObI3 KepeK. TypykK-
TYY BaJIGHTTYY 3JIEMEHTTep »Ke ajlap/blH To0y:

I samersrryyaep — K, Na, Li, H, OH , Cl-, J°
II BanenTryysnep — Ca, Mg, Ba, O, 8042", CO3%"
III BanerTTYY6p — Al, B, POs* k. 6.

NHAEeKcTepH KOK XUMHSJBIK (opMmyJlajap/a 3JIeMeHTTep/JUH Ba-

1] IT 11 I1 II III III
JIeHTTYYJYKTepY 6apabap aen acentenuser: HCl, CO, CaO, AlPOy

Nanexkcn G6ap XUMHAJBIK hopMmysazaH 6eJrucus 3JIeMeHTTHH Ba-
JIEHTTYYJIYTY OeJITHIIYY 3JIeMeHT apKbLIyy TaObLiarT:

IV 11 IV 11 VI II
a) C 0, S0,° SO0g — MHcaJbl KYKYPTTYKY 3x2 =6
6.a. KbIYKBIJITEKTHH BAaJICHTTYYJIYIY HHJIeKCKe KOOOMUTYJIYI, 3JIeMeHTTUH
BaJIGHTTYYJIYI'Y aHbBIKTaJar.
0) 9J1eMeHTTHH BaJIGHTTYYJIYI'Y KapaMa-Kapllbl TYpPrad UHIEKCTep
apKbLIVY aHBIKTAJIAT.

N IIT 1II VII II I11 I1
Nz 05 ’ C12 03 2 Clz 07 ’ Alz (804)3

KebyHue, okyydyjapra BaJeHTTYYJYK 60l0oHYaA opMyJia TY3Yy Tajall
KBUJIBIHAT. AJI YUYH 3KH 3JIEMEeHTTHH »Ke TOINTYH BaJEHTTYYJYKTOPYH ©3-
apa kebe¥Tyn, KalpajlaH KOOOMTYHJYHY THellelyY 3JIEeMEHTTHH Ba-
JIEHTTYYJIYT'YHO 06JICOK MHJIeKC KeJIMII Yblrar:

X =0:3=2(Al)
Na=6:2=85(0)
0. a. X =2, Y = 3 6oyl aHBIKTaJIIbI.

1l | .
Al o= > ALO,
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OxkyyuyJap/blH XUMUAHBI KaKIIbl ©30IITYPYILY YIYH, MEe3THIAUK
TabJIMIlaHBIH MYKY Ma3MyHYHA TOKTODOCTOH, ap OUp YOHJIYKTYH KaHJau
MaaHuTe 33 6osiopyH Daca besirniien, TakTall aJIraHbBIOBI3 AYpPYC.

JJIeMeHTTHH KaTap HOMEpH — aTOMYHJIarbl IIPOTOHAYH CAaHBIH —
SIIPOCYHYH 3apsi/IbIH ’KaHa 3JeKTPOHAYH CaHBIH KOPCOTOT. ATOM OH 3a-
pSIJULYY S/IPOJIOH »KaHa aHbIH TereperuHzeru aiiJIaHBII dKYProH Tepc dJIeK-
TPOHAOP/AOH TYPYII, 2JIEKTPOHEUTPAIAYY fpesyK4e KaTapbl KapaJjar.

Me3rHJIMH KaTap HOMepJepu OH 3apsiiiyy AAPOHYH Tereperuuie
AlIAHBII JKYPrOH 2JIeKTPOHAOPAYH KaHua JIeHraaJijie O IyRYIl KYProHAYI'YH
kepcoeTeT. Mucasbl, GUPUHYN ME3TWIUH 3JIeMEHTTepH YIYH Oup, 9KUH-
YUCHHJIEe — 9KHU, YIYHUYCYH/O — Y4 7K. 0. 371eKTPOHAYK JE€HI'33JI/1€PH bap:
Mucaisl, 111 mearuie O ) ) )

'pynna HomepJiepu 6up Hede TYIIYHYKTY KOPCOTO ajlaT:

a) I'pynna HoMepuHe 3JIeMEeHTTHH BaJIEHTTYYJIYTY 7K€ ACHTI3JIZINH IH
CHIPTKBI KaTMapbIH/Iarsl 3JIEKTPOHIOD bapabap. Mucaisl, arep/ie 3JIeMeHT
TOPTYHYY Me3THire Taas/Iblk 60yIco, aH/1a aHBIH OMpHUHYHM JIEHIDI3JIHH/Ie —
2, sKHUHYHCHHJE — 8, TOPTYHYYCYH/I® I'DYIIIaHbIH HOMEPHAHE bapabap 00JI-
FOH 3JIEKTPOHJIOP, J1 3MH OPTOZIOTY YYYHUY JEHI'd3JI/le KaJI'aH 3JIEKTPOHAOD
»Kauraiar.

6) ['pymma HoMepH 3JIeMEHTTePARH 9H KOTOPKY OKMCTEHYY /lapara-
CBIH/IArbl KbIYKbUITEK DOI0OHYA BaJeHTTYYJIYT'YH KOPCOTOT.

g) [pynna HoMepH 3JIeMEHTTHH CyyTeK 00I0HYa BaJEHTTYYIYTYHO
Tyypa KeJjer:

— I-IV rpynmasblH 3JeMeHTTepHHHH CYYTeK booHYa BaJIEHT-

TYYJIYKTOPY THelleJyy rpylnajap/AblH HOMepjlepuHe papabap. MucaJjsl,
LiH, BeH,, BH,, CH,.

— V-VIII rpynmnasblH 3JieMeHTTepH Y4YH CyyTeK OoloHYa BaJI€HT-
TYYJIYKTOPY 8 caHBIHAH IPYNIAHbIH HOMEPHH KEMHTKEHT'e bapabap. Mu-
cansl, NH,, HEO, HF.

@ Xumusnvik 6upurmedezu amomdopdyn 6bupu bupune kKapama ca-
NBLULMBLPMANYY HAUZAULBLULLLH, XUMUSANbLK OAUNAHBLULMbLH CAHbIH — 64
JeHMMYyyay2yH wazoladblpzai opmyrarap rpapuKaIbIK thopmysanap
Jen atasjar.

['pynnaEblH HOMEPHHE JKapallla OKCHJl, Her'n3, KUCJIO0Ta KaHa I/~
pHZIEpAMH (opMyJIajapbl TOMOHKY TabJMNaa KeJITAPHIIreH:
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2.1 mabauya

I'pynmansin noMepuiie Tyypa kearen 6upuxmeaep
[‘pynnaHbiy
HOMEPH | | i IV \' Vi Vil
Oxcuanep 3,0 30 9203 30, :32'05_J 303 3207
L ] Na,O MgO Al;03 SiO; P,0s5 SO ClhO7

Hermanep NaOH | Mg(OH)z | AI(OH)3 - - | - "

] 4 - + 4 - e -

KHCHOTBHEP - - H3AIO2 THaSiOs HaPOq« H,SO0. | HCIO.

Mmapuanep r NaH

4
MgHz AlH4 [SiH4 ‘ PHaT H>S ] HCI

£ .

dopmynasarsi aroMaopay 6aiageuThHIPrad 6Mp ChI3bIKYa KAJIKBI
(Cl - Cl), axu cwizbixya kow Gainansiurs! (O = 0), Y4 ChI3bIKYA YYTYK

6aftnansimTsl (N = N) warsuiasipar. Mucansi, Al(OH),, H,SO,, K,S,0,
rpadMkanbik GopmMynanapbl TOMOHKYA0H 60J0T:

O O

AliO'H \S// K=—0=—5—0—85—0-K
fa /7 [ I
O-H H-0 0 0 0

® Opranukansik GUpHKMeIep/IME TY3YJIYLIYH *KaHa 3JeMeHTTHH BaJIeHT-
TYYAYKTOPYH TYYPa Yarsiibiprad Melaiau popmyianap CTpyKTypaibik
dopmyana gen araaar. Mucansl, Monexynanbik dopmyaacs: C.H.O 61-
pHKMere TOMOHKY CTPYKTYpaJIbIK hopMyianap oo beper:

0
CH3—C—CH3 CH3-CH2—C{,
| H
0
NPONAHOH (KeToH) nponaxans (ansgerna)

Xnvusauk dopuynazap 6up Karap MacejeJepAn HINTeI, 3CeNToo-
Jepay XKYPrysyyre MyMKYHAYK Oeper.
I1.1-mucan. XMMHANLIK aHAJMHM3IAME Her'H3HH/le 3aTThIH KypaMbIH/ia

73,9% chivan xana 26,1% xaop 6ap sKeHAUrH aEBIKTaAALl. Bya yyayy
SATTHH SMINPHKANLIK GOPMYJIACHIH TaNKbLIa?
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m
Yvteapyy: a) n= M dhopMyJIaHbI NalaJIaHbIII,

chbIMAIll YYYH: 73,9 2/200,6 z/moab = 0,368 moab
XJIOP YUYH: 26,1 2/35,5 2/moav = 0,737 moav

6) OMH chIMall MeHeH XJIOPAYH MOJJAYK KaThIIITaAPbIH TababbI13:

Hg:Cl=0,368:0,737=1:2
JleMeK, CBIMAITBHIH 1 MoOJIyHA XJIOP/AYH 2 MOJIy Tyypa KeJjce, aHBIH
sMIHUpHKaJIbIK opmynacsiaa HgC1l, »xoom Geper.

1.2-mucan. Kypamsl 80% kemyprek xaHa 20% cyyTeKTeH TypraH
GMpUKMEHHH MoJjeKyJ/ajiblk Maccackl 30ra 6apabap. 3aTThIH MOJIEKYJIa-
JBIK (hopMYJIaCbIH aHBIKTarblja.

Ywizapyy: a) Mypjia KOMYpPTeK (X) aTOMJIOPYHYH cyyTek (y) aToM/0-
pyHa 00JITOH CaHJBIK KaThIIIBIH Ta0a0bI3:

x _800.200 gpe7.00-1:3
y 12 1,008

JlemeK, 3aTThIH aMIHPHUKaAILIK popmystackl CH,, MojleKyJIaJbIK Mac-
cachl = 15 M.a.0., aJ 3MH YBIHBITBI MOJIEeKYJIadbIK Maccackl = 30 M.a.0.
60JTOHAVKTAH 3aTTHIH Mojekyjanblk ¢opmynackl C H, skeHHH TaOyy
KbIHbIH OMeC.

6) PopmysaHbl Oamkaya Tancak jga 00J0T. AJrad KeMYpPTeK

MeHeH CYYTeKTHH MOJIAVK yaymrepyH aHbikTam: 30 x 0,80 = 24 ’KaHa

30 x 0,20 = 6, aEgaH apbl KOMYPTEK MEHEH CYyTeK aTOMJIOPYHYH CaH/bIK

KaThIIITapblH Taba0bbI3:
C=24:12=2, H=6:1=6, C:H=2:6
Jlemex, 3aTTBIH MoJeKyaubIk (opmytacel C H .

XUMHUAIBIK TeHIeMe KOIT caHjlaraH MaaJbIMaTTap/ibl HYMHE KaMThI-
raf 9H BIHIaMJIVy KbICKa 7Ka3yy. Jrepje OlI0JI 3jie XUMHUAJIBIK IIPOIeCcCTH
co3 MeHeH TYIIYHAYPYY Kepek 0oJico, OMp Hede Oapak kasyyra Tyypa
KeJMeK. X AMUSIIBbIK TeHAeMeH! TYIOHAYPYY/a Ka3blIr'aH ap OUp 3aTThIH
(hopMyJlachlH, OeJIrMCUH XUMUSAJIBIK PEaKIIAATA KaThIIIKAH KaHa nmauza
0OJIrOH ITPOAYVKTYIap/blH KYypaMbIH TaK JKaHa Tyypa YarbUIABIPYY KepekK.
XUMHAJIBIK TeHJIIEMEHH »Ka3yya MoJIeKYJIAJbIK 3aTTap MoJjeKyJjla TYPYH/IO,
MOHAVK 3aTTap MOHI0pP TYPYH/1© KOPCOTYJIOT.

Mucasibl, KOMYPAYH KYUYIIYHYH TeHeMecHH/e Oap/AbIK 3aTTap ato-
Map/bIK XaHa MOJIEKYJIaJIbIK TYPA® 7Ka3bLjiaT:

CH0y=C0;
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AJ 3MH KY4YTYY KHCJIOTAa MEeHEH II[eJIOYTYH OPTOCYHJAarbl PeaKIui-
HBIH TeH/JeMeCHH TOMOHKY/AOH Ka3bIIIarT:

HCl + KOH = KCI + H,0, »xe H"+ OH"=H,0
PeakIMAHBIH »KYPYY IIapPTHIH TYIOHAYPraH X MMUSJIBIK TeHAeMeJlepAn
’Ka3yy/la TOMOHKY HeI'H3I'U 3pesKesIepAX CAKTOO KepekK:

1. DpuTMejie KYYTYY 9JIeKTPOJIMTTEp MOH TYPYH/O Ka3bLlar (Ty3zaap,

KYYTYY KHCJIOTAa MEHEeH L1eJIOYTOPAYH 3pUTMeJIepH);
2. Hauap 2/eKTpoJUTTEp, YOKMOJIOp (KOHOKOM KaHa TaTaall MoJle-

KYJIAJbIK 3aTTap) aTOM »Ke MoJIeKyJjla TYPYH/I® »Ka3blIaT;
3. PearenTrep aHa NPOAYKTYJIAPAbIH (hopMyJiajapbl TYypa K a3bl-
JIBII, KOO((MHUIHMEHTTePH TaK aHBIKTAJIBIIILI KepeK.

X UMHSIBIK TeHieMesepre Kamiaajia »ka3bUIrad KolryM4da 0eruaepan
KeJITUPYY PeaKIHSAHBIH JKYPYY LIapThl KOHYH/IO TOJYIypaak MaaJbIMaT
aJIyyra MyMKYHAYK OepeT. («K»), («c»), («r») GesruiepH 3aTTapAblH (u-
3MKaJIBbIK abaiblH (KaTyy, CYIOK, ra3d) KOpcoToT; «3» 3aT 3puTMe TYPYH/IO
aJIBIHTaHBIH KOpcoeToT. PeakIusia ras TYPYH/AOTY 3aTThIH 06JIYHYIIYH O
o160, YOKMOHYH naia 60JyIIyH (v) BUIAIBIH GareITTaJraH Kebejiep MeHeH
TYIOHAYpyIar.

OleHTHII, peaKIuAra KUpreH 3aTTap/bIH KypaMbl, ’KapaTblJIbIIIbI,
JKYpYY IIapThl, abaabl 6eJrmiyy 60Jico peaKIIUsIHbIH TeHAeMeCHH TY3YY

KeHWIJIenT.

O Xumuanvik peakyuinapza Kamviwkan ’dcana andan nauda 60120H
3ammapobli CAAblULMbIPMA MACCANbLE CAHOAPLLH ICENM OO0 XUM usada cre-
xuomerpus (rpek. stexios — 6amranksl, metrio — 4eHeHM) Jlenl aTajar.

«CrexmoMeTpud» TepMUHMH miauMmre Puxrtep Kupruared. CTexXHo-
MeTpHUA XHMHUAIBIK ap KaHJAail MacejejlepAH Yeuyy/lo KeHUPH KOJII0HY-
jaT. PeaknMAHBIH TOJYK TeHAeMecUHern 6MpUKMeJIep/JIuH aj/IblHA KO-
JOJITaH Ko3(hHUIHeETTep IpollecCKe KaThIIIIKAaH KaHa anjia 00JroH 3art-
TapAbIH MOJIAVK KAaTBIIITAPBIH aHBIKTAUT. JCEeNToe]6p MacCaHbIH OUp/IH-
' 'PpaMM MeHeH 6JIY40HCO, MOJIb TYLUIYHYT'Y 'PaMM-MOJIEKYJIaJbIK, TPAaMM-
HOHAVK, FpaMM-(hopMyJIajJblK MacCaHbl TYIOHAYpAT.

MoJuas Macca el 1 MOJb 3JIeMEeHTTHH e OMPUKMEeHHH MaccachblH
anTadpI3. 3aTThlH Maccachl (m), caHbl (1) »XaHa MOJb MaccaJlapblHbIH
(M) 6aitraHBIIIEI 6ap.

Mosip MaccaHbl 3aTTHIH MaCCaCbIHBIH (2, K2) aHBIH CaHbIHA (MOJIb)
6OJI'OH KaThIIIbIHA Gapabap 60JT0H (GhU3MKAIBIK YOHAYK KaTapbl Kapau-
Ob13:

M=m/n, MmpiHIaE m =M -n xen =m/M. (2:2)

23



Ilemex, MoJyib Macca M z/moab, Kz2/mOab lereH OUPANKTEDP MeHeH
TYVIOHTYJIVII, 3aTThIH 1 MOJYHYH MaccacblH KOpCOTorT.
Mucainsl, 1 moav H,0 = 18 2/monb,
1 moav H,SO, = 98 2/moxv,
1 moav C = 12 z/monw,
1 monr OH = 17 2/ monw,

BasleHTTYYJIYKTYH OMpAUIrY KaTapbl HeTM3WHEH CYYTEKTHH >KaHa KbI4-
KbLJITEeKTHH BaJICHTTYYJIYKTOpPY KaObL1 anblHraH. lIpaTukajia antapasl cyy-
TeKTHH ’>KaHa KbIYKBUJITEKTHH BaJICHTTYYJYKTOPY apKbLIyy Taal ajayy
piHrairyy. Mucans:, HCl, H,O, NH, xjiop — 6up, KBIYKBIITEK — 9KH,
a30T — Y4 BaJeHTTYY, a1 amu Na, 0, CaO, SiO, 6upukmesep/ie HaTPUA —
6Up, KaJbIUI — KM, KPEeMHHUI — TOPT BaJEHTTYYJIYTYH (popmMyJia apKBbl-
JIVY OHOH 2Jie Taall ajaadbI3.

JJIeMeHTTHH OKMCTeHYY /lapaskachl BAJCHTTYYJIYKTOH albIpMaJlaHbIII
OH, Tepc, HOJI JleleH MaaHuiepre 33 060JI0T. AmoMm e MONeKYNaHblL INeKmp
Heaxmar Heumpaaoyy 6eayK€e Kamapovl scenmen, AH0azol OK HaHa mepc
3apsddapdvii anzeGpanvLk CYMMACLLHAH KeIUN YblKKAH Wapmmyy 3apao-
Obl 3NeMEHMMUHK OKUCMeHyy dapaxcacvl den myutynyy Kepekx.

Mucansl, ; X -2
H S O

2 4

(+)-2+X+(-2)-4=0, X =+ 6, neMeKk KYKYPT KHCJOTachbIH/la
KYKYPTTYH OKHCT HYY Jlapa)kachl +6ra bapabap.

Kemuyiayk y4yyp/a 2J1eMeHTTUH BaJEeHTTYYJIYI'Y MEHEeH OKHCTeHYY Japa-
’Kachl caH »karbiHaH 6apabap, 6Mpok Oesrucu 600HYa adbIpMaJiaHaT.

Mucaibl KbIYKbUITEeKTHH BaJIEHTTYYJIYI'Y 9KHAre 6apabap.
A1 3Mu okHcTeRYY Aapakacsl 0%, 072, O'* maarure 29.

JKBMBAJICHT XOHYH/I0 co3 DOJINOH]I0 3JIeMeHTTHH 7KaHa Taraall 3aT-
TBHIH MaccaJlapblH afibIpMaJian 6MIyy Aypyc. JAeMeHmmut IK6usarleHmu
den 1 MOAb CYYMeKmMuH AMOMYH CYPYN YblzapzaH He OuoHdoU 3ne Cak-
dazol cyymexmu KOWyn aizan 31eMeHmmui CaHdbLK Maccacovl amanam.
X UMHSJIBIK 3JIEMEHTTHH BaJeHTTYYJIYry B skaHa casbImThIpMajyy aToM-
AVK Maccachl Ar, 9KBUBAJIEHT Ke 9KBUBAJEHTTHK Maccajlapbl ©3apa Thl-
rbI3 DaMJIaHbINIKaH:

J = Ar/B,
MUCaJIbI, o =16/2 =8 2/MOnb; Oy =1/1=1 z/monb;
Do, =40/2 =20 z/moab; D, =27/3=9 2/MOnRb.

XUMHUSIIBIK OMPHKMeESIepAUH 3KBHBAJEHTH CYYTEKTHH Ke OalIka

3aTTHIH KBHBAJEHTUH KOIIVI aJITaH e CYPYI Yblrapral MaccacblHa 0a-
pabap:
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J E = 5} = M
KHCIOTA ’ Her#3 -
KHCJIOTAJIVVJIVK HEeIry3iyyJayYK

31‘[250' =98/2=49; BM[OH]: 178/3=26;
M

MeTaJIIbIH CaHbI - MeTAaJIIbIH BAJIEHTTYYJIYrY °’

5)
V3

D a1,(s0,), = 342/2-3 =57

JKBHUBAJIEHTTHK Macca 2/M0ab MEeHeH, aJl 39MH 3KBHBAJIEHT MOJAb
OMpJAUTHE MeHeH TYIOHTyJIaT. Mucajsl, Ty3 Kuciorackiaaa HCl, xaopays
3KBHUBaJIEHTH I, = 1 Moab, a1 9MH XJOPAYH 3KBHUBAJIEHTTHK Maccachl
A, = 35,45 z/monv.

KenuyjyK XUMHUSIBIK 3CEIITO8JIOP/I6 39KBUBAJIEHTTUK Macca KaTaphl
3KBHBAJIEHTTHK KOJIOM Jla KOJJOHYJIAaT. JKBUBAJEHTTHK KOJIOM Jlell, HOp-
MaJIyy maprra (arMocdepasbik 6ackiM = 1 amm, Temneparypa 0 C)
3aTTHIH OMp 3KBHUBAJICHTH 33JIereH KoeJioMly auTadbb13. Mucajbl, MOJIEKY-
JIAJIBIK KBIYKBLJITEKTHH 3KBHUBAJEHTTHK KejeMYy 0,0 2, a1 9MH MOJIeKY-
JIaJIBIK CYYTEKTHH 3KBHBAJEHTTHK Koaemy 11,2 a.

§ 2. OpranukaJbIK 3Mec OMPUKMeJIepIuH
HEru3ru KJaccTapbl

L

Oprasukajslk aMec OUpUKMelIep KypaMbl KaHa XUMHUSJIBIK KacHeTTe-
pH 60i0HYa 4 KilaccKa DeJIYHOT: OKCHAep, Heruazep, KUcJaoTajiap, Ty3Aap.
Ap 6Mp KJaccka THenlesyy OHpUKMeJIep/IuH KaJllbl KacueTTepuHe, KJIacCH-
(huKkanMsichbIHA KaHa HOMEHKJaTypaJlapblHa KbICKAYa TOKTOJIYII KeTeJH.

Oxcnyrep

O Oku snemenmmen mypyn, anbvti 6upu KbtiKolamerx 60a20H Oupur-
Meaep OKcuyIep Aell atanar. AHbIH KypaMbl KBIYKBUITEK MeHeH OMpPHK-
Me naujla KbUIraH 3JIEMEHTTHH OKHCTEeHYY Aapa’kachblHa (3JIeMeHTTHH
Me3T'WJIIUK CHCTeMajlarkl OpAyHa) K63 KapaH/bl 00JI0T, IPYIIIaHBIH HOMe-
pHUHE bUIaMbIK TOMOHAOIYAOM »Ka3blLjIar:

'pynna, Ne I e ST IV \'% VIS VI VIII

Oxcun: 9,0, 30, 9,0, 302, 3205, 90.;°9.05; 390 .

OKCHAAMH aTajIbINIbI 3/IapaJIbIK HOMEHKJIaTypara bUIaibIK 2JIeMeHT-
THH OKHCTEHYY Jlapakachbl TYPYKTYY 00JICO «3JIEMEHTTHH OKCHAH», aJl

IOMH OKHCTEHYY Zlapar<achbl 03ropMeJIyy 60JICO, 35 IeMEHTTHUH aTblHAH KHH-
HH Kalllaara aHbIH OKHCTEHYY JapaxKachbl KOlXJiaT:
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Ca0 — KaJbpIUM OKCHIH NO — azor (II) oxkcuan
Al>03 — aJIIOMHHHAN OKCHIN N203 — azor (III) oxcuan

KypaMbIHAArbl KbIYKbUITEKKe bUIAbIK OKCH//Iep, IEPOKCHIIED, Hal-
IepoKCHUiep KaHa 030HUA/ep Aell OOJIYIl KYPYIIOT.

Mucainsi, H202 (H—O—0—H) cyyrek nepoxcuad, CaOz, Alz(O2)3—
KaJIbIIMH, aJJIOMUHUN IEPOKCHINA.

Oxcuddepdu — Ty3 naiga keradoouy (CO, N20, NO »x. 6.) »xaHa
TY3 majja KbLIyydy OKCHJI/iep Jell 9KH TOIIKO poaymer. Ty3 manujga Kbl-
JIyy4y OKCHJIEp 03 Ke3ernH/le Heru3/IuK, KHCJIOTAIBIK KaHa aMdoTepAHK
aen Y4ke 0eJIYHOT.

Hernzuk oKCHAep — aKTUBAYY MeTaJIIapAblH, 6TMO 3JIEMEHTTEP-
e Tomeuky BaseHTTyy (I,1I) okcuanepu: Naz0, BaO, FeO . 6. bynap-
JABIH 6OTOHUYOYTY: Oap/AbIrsl TeH KHACJI0TAJIap MeHEH peaKklnuAra Kupui,
Ty3/ap/ibl Hanja KbljaT:

Na20 + 2HCIl = 2NaCl + Hz20

Cyyarsl 3puTMesepy HeTu3JUK KacHeTTH KOpCOTOT:
Na:0 + H20 = 2NaOH
JlakMyC — K6repeT, MeTHJIOPaHK — caprasr.

KucroTa sk OKCHIep — HeTrM3UHEH MeTajlJl 9MecTep/iIiH OKCHA/e-
pH >KaHa 6TMO 3JIeMeHTTepPANH KOIOPKY OKCHA/IEpH: SO2, Mn20. x. O.
KupeT. ByJ1 OKCHAIepAME MYHO3/1YY ©63I040JIYKTOPY — CYyAa dIpHI'eH/e KIC-
JloTajiap aJjJbIHAaT:

SO, + H20 = H2S03 , SOz + H20 = H2504

JlakMyc — KbI3apaT, MeTHJIOPaHK — KOYKYJ KBI3bLI. Heruspaep Mme-
HeH peaKIUAra KUpHI, Ty3/ap/bl anja KpljIaT:

S0s + 2NaOH = NasS03 + H20

Amorepank oxcupiep (ambosmrrep): ZnO, Al20s3 ’.0. OIIIOH/I0M
5JIe ©TMO JIeMEHTTep OKCHJIJEPUHIH apajblK OKACTeHYY /lapax<achblHa 93
6oaroaaopy: V203, MnOz, Fe:03 x. 0. Bys THnTer# OKCHAJAEPANH
6OTOHUOIYTY Heruajep *KaHa KUcJoTajJap MeHeH apaKkeTTeHHIIeT:

7ZnO + 2HCl —» ZnCl,+ H,0,
7n0 + 2NaOH — > NazZnO:z+ H:0

Na,ZnOs — HaTpuil NMHKaThl el araizar. MplHAad HOPMYJIAHbL Zn0O
ruapokcuauHE Zn(OH)2 »xa3bin, aHbI KHCJIOTA H>ZnO2 KaTapsl 3JIeCTeTHII,
aHaH TY3AVH (pOopMYyJachlH )a3rad Aypyc.
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KucJioragap

© Moaekynacot memann meHen OpyH aamauiyyza xendemayy bup e
Oup Heve CyymeKmun amoMyHAH HAHA KUCIOMA KAA0bl2blHaH myp2an Oupui-
MeJlep KMCJIoTajiap Jlen atajgar. Kucioraablk KaJabIKTap »KapaThLILIIIbBIHA
skapalla »KeOHOKeH Ke TaTaajl aHHOH 0os1yury MyMKYH (1.1-tabiniga).
KypaMpIHa »kapania KHCJI0TajJap: KbIYKBIJITEKCU3 KaHa KBIYKBLI-
TeKTYY, OMp, KM 2KaHa Ken Herusayy 6oaymn 6enyner. KucisroranrapabliH
aTTapblH aTO0JI0 3JeMEeHTTHH OKHUCTEeHYY Japakachl 3CKe ajIbIHBII, TY3-
NapAbIH 3JIapajblK aTaJbIIITaphl cakTanar. Kuciora naijia KeUIraH aJe-
MEeHTTHH OKHCTEHYY JAapa’kachl 63ropYycy3 CaKTaJblll, OMPOK KBIYKBLJI-
TeKTHH KaHa CYYTEKTHH CaHbI 03rOpProH KHUCJoTaJapAbl aTO00 «MeTa»,
«OPTO», «IIMPO» JlereH IIPUCTABKAJIap KOIIYJIYII auThLIaT.
KuciorasapablH MYHO3AYY KACHEeTH — HePrM3UK OKCH/IZlep »KaHa He-
ru3jlep MeHeH apaKeTTeHHUINHUII Ty3apAbl Maijga Kelslmat. Mucaisl,

CaO + H2804=CaS0y + Hz0, Ca(OH),+ H,80s = CaS0; + 2H,0

MeragapAblH aKTHBAYYJIYTY KaTapblH/la CYYTeKKe YeUH Typrad Me-
TaJLJIap KACJIOTAJap/ad CYYTEeKTH CYPYII YbIlapbIll Ty3AapAbl I1aiijia KbLIAT:
Zn + HsS04 = ZnS04 + H>T

(cyoaTyiaras)

Herusaep, mesourop

@  Memann kamuony xana 6up xe 6up Hewe 2udpoKcul UOHYHAH
mypzan Oupukmenep Herusaep aen aranar. Heeuzdepdun cyyoda raxkuibl
apuzendepu — meaourop: NaOH, KOH, Ba(OH)2, x. 6., kajrasjapsl
Cu(OH):2, Fe(OH)3 k. 6. Heruaep Jemn araJjar.

Cyyna spubereH »xe oTe Hayap 3pUI'eH Heruajep cyy/a apures Ty3-
papra IeJIo4ToOpAy TaacHup 3TYY/eH ajIbIHAT:

FeSO4 + 2NaOH = Fe(OH)2 + Na2S04

Avdorepaurk Herusaep (raIpokcuaep) — HIeJI04YTOp »KaHa KUCJI0-
Tajap MEeHeH peaKIMsjIalllIKaH 3aTrap, JleMek Oyiiap Herusajep »kaHa KHc-
JIoTaJIap/AblH KaCHeTTepUH aJIbIIl KYPYLIOT:

Zn(OH)z & H2Zn02; Al(OH), & H3AlOs;
Zn(OH)z: + H2S04=7ZnS04 + 2H20; Zn(OH)2 + 2KOH = K2Zn02 + H20

Heruszep MeHeH KHCJIOTajlap/bl Cyy/la 9pUIreHUHEe yKapaliia »aJlbl-
ChIHAH I'MJIPOKCHJIZIEp Jiell aTaca 00JI0T:
H,0

Al(OH )3 e 1{3A103 B e I-IAlO2
Herms O-antoMuHun M-atoOMUHUA
Kucnorachl KuUcrortacsl
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KeJITHpHIATEH MHCAJIra OKIIONI (hOPMYJIaAChI 0eJITMCHU3 KHUCJIOTaHbIH
SMIIMPHUKAJIBIK KYpaMbIH Taal ajayyra 00J10T.

Tysnap

@ Memaaadovin Kamuony meHeH KUCIOMAAbLK kaadvikmarn mypzan 6u-
pukmenep Tysaap Aen atajatr. dansl KJIaCCH(HUKAIIAATA bIANBIK TY3/1ap-
IbI: OPTO, KBIYKbL1, HETM3JMK, KOII JKaHAa KOMIUIEKCTHK TysJap nel
GOJIYIIIOT.

OpTo Ty3gap — KHCJIOTaHBIH KYPaMBbIHAArBl CYYTEKTHH aTOMAOPY
MeTaJUI daHa THAPOKCHJI IPYIIAchl KMHCJIO0TAa KaJABIbl MEHEH OPYH aj-
MalIKagjaa mamjaa 6oJIoT:

H,SO4 + Ca(OH)z2 = CaSO4 + 2H20

CaSO: — KaJIbIIHil CyJIbGATHl — KACJI0TA KaJAbITbIHBIHE SO 2~ ara-
JIGIIIBIHAH KeJIUI YbIrar.

KBINKBLI TY3ap — KACJIOTaHBIH KYPaMbIH/AIBI CYYTEKTHH aTOM/0-
pyHYH Oup 6esyry MeTajljl MEHEH OPYH aJIMalInai Kajaragjaa maija 6oJ-
roH Ty3aap:

H.S04 + NaOH = NaHSO4 + H20

NaHSO; — HaTpHuit rTHApoCYIb(aThl, drepje KUCJI0Ta KJIABIIbIHAA
3KH cyyTek Gosco, mucansl, NaH2PO4— HaTpUM AUTrHApodochaThl Jell
aTamar. KHca0oTa KaJAbITbIHBIH BAJEHTTYYJIYTY MeTaJljl MEHEH OPYH aJl-
MalllKaH CYYTeKTHH caHbIHa bapabap.

Herusauk Ty3aap — Hed3JMH KypaMbIH/JArsl F'AZIpOKCHI HOHAO0PY-
HYH O6Mp 6eJyry KHCJIOTAJbIK KaJlAbIK MEHEH TOJYK OpYH aJMamnamn
KaJIraH OMpUKMeJIep:

Al(OH), + HCl = Al(OH):Cl + H20;
Al(OH):CI + HCI = AIOHCI: + Hz0.

Al(OH)2Cl — ajifoMAEUN AUTHAPOKCOXIOPHUIH, AIOHCIz — anmoMUHUN
FAZIPOKCOXJIOPHUAX el aTajnar. Herusguk KaTHOHAYH BaJICHTTYYJIYTY
KHACIOTAa KaJABICBl MeHeH OpYH aJIMallKaH I'MJAPOKCHJIIMH CaHbIHA
bapabap.

OpraEUKaJbIK 3Mec OMpUKMesIep/IMHE HOMEHKJIaTypachlHa bLJIAMBIK
OopTO TY3AapAbl aTaragjia MeTaLI/IaH KUNWH KHACJIOTAJBIK KajJbIK aTa-
gat: NaCl — garpuit xstopuau, K2SO4 — Kajaui CyJIb@aThl. KBIUKBLI TY3-
Jap/bl aTaraH/la MeTaJIlal KMIUH CYYyTeKTHH MeTall MEHEH OpPYH ajI-
mMamnarag oup aromy 60Jco «rHIpo», KK aTOMY 60JIcO — «AUTHUAPO»,
aHMaH KHHAMH KHCJOTAJIbIK KaJI/IbIK aTajarT. NaHSO4 — HaTpH# I'UJIpO-

cyabdaTel, KH2PO4 — xanui muruapodocharsl. Herusauk Ty3ap/bl aTa-
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rag/a MeTaJUI/IaH KHUKAH OUp THAPOKCHIIH «IHPOKCO», 9KH M'MAPOKCHII
rpynnacsl 60JIco « IATHAPOKCO» aHJAH KAMUH KUCJIOTAJIBIK KaJ/IBIK aTa-
JlaT:

CuOHCI — xe3 ruapoxcoxjopuan, AIOHSO4 — asroMuHUN I'HJPO-
kcocyabdarsl, AI(OH)2Cl — amoMuENN JUTHAPOKCOXJIOPHIAH.

Kom Ty3nap. KypaMpIHjia 9KH MeTaJlJl KAaTHOHY KaHa OMp KHUCJI0Ta
KaJAbIrsl 6010T. KBIYKBLI TY34ap/Abl HeTH3 MeHEeH HeHTpaJlalllThIPCaK
TY3AapAbIH apajaliMacsl naijga 60y, ajg SpATMeHH OyyJIaHAbIprasaa
KomI Ty3zaap ajbsiHar. Mucansl, NaHSO4 + NH4OH — NaNH;S04 + H:20.

Ko Ty3aap/ibl 9KH TY3/YH apajialliMachl KaTapbl Kapooro 00JIOT.
Mucaisi,

K2S04 + Al2(S04)3 = K2Al2(S04)4 2xe KAI(SO4)2

Kanuu-anioMmHumn
cynbdarbi

MBIHAa# KOII TY3/ap/AblH K33 OMpJjepH KOIl T'H/IPAaTThIK CYYHY KO-
IIYI aJIBII KpHcTawagamar. Mucaibl, adblk Tamrap (KBacurap):

KAI(SO4)2- 12H20 — kanuii-aJJIOMUHHAHN CYJIb(ATEI

KCr(S04)2- 12H20 — kanuii-xpoM cyabdaTsl XK. 0.

Kovmniekeruk Ty3aap. KypaMplH/la KOMILIEKCTHK KaTHOHY YKe KOM-

IJIEKCTAK aHWOHY 0ap Kol Ty3/lap KOMILJIEKCTHK Ty3Jap Jen aTaJjar.
Mucaisl,

Kz[ PtCls], [Cu(NHs)4] SO4

Kom Ty31ap MeHeH KOMILUIEKCTHK OMpUKMeJIep/AnH anbIpMaYbLIbIK-
tapsl 6ap. Ko Tyazgap cyy/za spuresjie 9K4 6alka MeTaJJIIbIH KaTHOHY -
Ha ’KaHa KHACJIOTA KaJ/IBIIBIHA YeHHH TOJIVK JAUCCOIUAlUsAIaHaT:

NHCr(SO4)2 2 NHg' + Cr3* + 2802-

AJI 3MHM KOMIUIEKCTHK TVY3/lap cyV/ia 9pUreH/ie KOMIUICEKCTHK KaTHOHTO
’Ke KOMIUIEKCTHK aHMOHIO YeHHH raHa JJuccollMalusjJaHar:

Ks[PtCls] 2 2K* + [PtCl4]%;
[Cu(NHs)s] SOs & [Cu(NHs)s]?* + SO%
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VIBIH ATAJIbLIIIbI

Kucnoranap Kuciaoraablk KaJdAbIK Tyanap
dopmyia aTaJbplmbl | (Gopmyia | arajaslmsl [ GopMyJIachl
HF IIJIaBUK F (hTopux ' NaF
HCI- TY3 Cl XJIOpHAJ CaCl, V
CH;COOH YKCYC CH;COO areTar Ca(CH3COO), j
H,S KYKYPTTYY HS THUPO- Al(HS);
CYYTeK CYJIBMUAL
S cynbhua AlLS; |
HNO, a30TTyy NO, HATPUT KNO, |
HNO;, azoT NO, HUATpAT Ca(NOj3), I
H,CO; KOMYP HCO, rIApoKap- NaHCO;
boHaT
CC)%_ kapboHar Al,(CO3)3 *
H,SO3 KYKYPTTYY HSO 4 I‘HI%))OCYJIB- NaHSO;
UT
SO% - CYJIb(MUT K,SO4
H>S0,4 KYKYPT HSO 4 rUApO- Mg(HSOy), ||
cyJabdar 4
SO :54’_ cyJIb(har Al (SO,)3
HPO; M-thochop PO MeTagoc- KPO;
dart
H;PO, o-hocdop H,PO 4 muraapo- | Ca(HyPOy),
ochar
HPO raapogoc- Na,HPO,
dhar
PO, docar | Caz(POy),
HC1O, XJIOD ClO, nepxsopat| Ca(ClOy);
HCI1O; XJiopar ClO, XJIopar KClO;
HCIO, XJIOPHAT ClO, XJIOPHUT NaClO,
HCI1O THIIOXJIOPHUT ClO THIT0XJIO- RbCIO
DHT
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§ 3. Heruarn XuMHAILIK 3aKOHI0D

ABoraapo saxkony

Bysn saxon Asoraapo tapaberman 1871-muuisl ausiiran: «Bupdeu

wapmma wenemdepy 6apabap Gonzow ap mypdyy 2asdapoda bupdeu
candazwm monexynanap Gbonroms. ABOrajpo 3aKOHYHAH KN MaaHWIYY

HaTHAXA KeJKI YbIraT:

1. Hopmanayy maprra (t =0°C, P = 1 amm) mons maccanapsl 60-
N4 Keckus afisipMmananca Aa, ap TYpAyy raspapasie 1 mony Gupaei
wonemay (22,4 ) ssnemwer. Mucansl,

1 mons Hz= 2,016 z/monp = 22,4 a; Imomb . = 98 2/monw ;

1 mons HeO = 18 2/ moap = 22,4 a; 1 Mmonb,. = 58,52/ M0ab .

2. Bupneft xenemaeory axu 6amka rasiblH Macca KaThilllbl aJapAblH
MOJIh MACCANIAPLINLIN KaThilkiHa Gapabap.

m M

- M (2.3)
2 2

An ovu Oup rasibil MACCACKLIHLIH SKMHYHN rasjibiH MaccacklHa Gosron
KATHIIL my/mg = p OUPHHYM rasAibid 9KHHYH rasra CaabllUThIpManyy
rRrsaaLrs Goaronayxkran, anga M; /M; = p 6apabap 6on0r. Bya popmy-
JANLIH XMAPAAME! MECHEH MOJIb Maccachl Gearmnyy, MeHHIHpPIdK ras apKhl-
ayy Genruens rasibin MoJIh MACCACKIH Taan anyyra Gosor.

[paxTiHKa XYSYRAO Fasfapabil ThiMbI3ALIILIH CYyTeKKe XaHa abara
KapaTa aHLIKTALIAT:

My =2-pg,; M;=29p ., (2.4)

Maccanuin XAHA SHOPIrHAHLIN CAKTAJNYY 3AKOHY

Bya saxon XVIII ksumsivasia opro wesnuge M. B. Jlomonocos Tapa-
OLINAN KOl CARAAraN Taxxpuftbanapasl dKyprysyy apksLryy ausuirad. bya
GaftkOONOPAOH AN TOMOHKYAON KOPYTYHAYIa KeJleH: PeaKIMara Karsim-
KAN SATTAPILE MACCACK! POAKIIMNHLIN HATRIKACKIIA Nai1a 6oaron npo-
AVETY A& PN Maccackina bapabap.

Cw + Oy — COpny
122 +32¢=44:

XAMEANKMK peakiUsaHLE TeHIeMecHH MXasranja esapa apaxerre-
HRIYYTO KATHRINKAH SATTAPALE ANALIHA KOKAraH KospHINeHTTep 3aT-
TAPAME MACCACKHLE CAKTANYY 3axoNyHa Hermajenred. Kuftmakm
xypryayares wamnnll nananeenepays 6apanik rapMaxrapsl 6ya saxkos-
AVE TYYPA SKeHANIEE MPacTaln Kele M¥arTar.

Kon camparan raxpuitGazapams msermsuuge (Jlomomocos, [ecc,
Mafep, Pemanronsy, Jlxoyas) sHeprEsHLE CAKTATYY 3AKOHY KaILIN-
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ragraf. 1840-. P. Majiep 9HeprusiHbIH CAKTAIYy 3aKOHYH TOMOHKY/IOM
AHBIKTAI'AH: JHEePrusd K OKTOH Iau/ia 60J00UT KaHA H3CH3 KOOIyl KeT-
[elT. JHePrusHbIH AUPBIM TYPJIOpY Oup opmMackIHAH IKUHYN ¢dopma-
chIHA YKBMBAJICHTTHK KaThIIITA 0TO Oeper.

XIX KBUIBIM/BIH asiTblHA YeHHH Macca »KaHa 9Heprus 6upu dupuHe
6alIaHbIIIBl JKOK ©3 aJIAbIHYA TYMYHYKTOp Gosyn KeareH. 1893-KbLIbI
1. H. JlebeneB s apbIKThIH HACHIM 7Kaco0 KYOYJIYIIYH a4blll, KYH HypJa-
PBIHBIH MaTepHaJ/IbIK KacueTKe 33 9KeH/IMI'MH aHBbIKTaraH. A3BIp THIHY
abasa Maccara 23 60J60roH TaJaaHbIH OapAbIK (opMasapsl (3J1eKTp-Mar-
HUTTHK TepMeJIyyjiep, Hypaanyy, oToHzop XK. 6.) MaTepHaIbIK AYHHOHYH
TYPJIODY DKeHH JajIWIAeH/Id, Macca MeHeH d9Heprus — MaTepUsHbIH azbIpa-
IrelC, ©3apa THI'BI3 DAMIAHBIITYY MYHO3/I0MOJI6PY, MaTepUAHbI SGHEPrus-
JIaH aXKbIpaThIIl »Ke 3HeprusaHbI MaTepHusjlad 66yll Kapoo MYMKYH 9Mec.

1905-3xpI6I A. DUHINTENH Macca MeHeH 3HEepPrusiHbIH OPTOCYHArbl
e3apa HalyIaHBIIITE TOMOHKY TeHJleMe MeHeH TYIOH/[ypraH:

E =me*, (2.5)

MbIEIa E — DHEprusi, m — Macca, ¢ — »Kapblk bUaaMabrsl, at 3,0-10° x/cex ra
papabap.

Ap KaH/lail XUMHUAJIBIK IIpOIleccTep/ie MacCaHbIH O3TOPYHIY bakaJ-
faraHAbIKTAH MacCaHBIH CAKTAJIYy 3aKOHY Tyypa Jlell 3CelTejeT, ajl IMH
SAPOJIVK peaKIlusiiap/a 3Heprus KaJJUMKHA XUMHUSJIBIK peaknusjapra ca-
JIBIIITHIPraH/la ©Te KOl MHJUJIMOH 3ce allblK4ya DOJIYHTOHAYKTOH Macca-
HBIH 63ropYyIly 3CKe ajIbIHaT.

KypaM/IbIH TYPYKTYVJIIYK 3aKOHY

1801-%. hparmys okymymryycy JI. JK. IIpycr ken Ta)kpbliibaHbIH
HernauHIe TAOUATTA Ke3J/[elIKeH 3aTTapAbl ap KaHAau bIKMajap MeHEeH
cHHTe3/1ell 001yl aJIblll, ajJap/AblH KYPaMblH CAJIBIIITHIPBIN KEJIHIl TOMOHKY
KOPYTYHAYTra KeJireH: «bepuires XuMHAJIBIK OMpPHUKMe KaHTHUII, KaHJIaH
BIKMA MEHeH aJbIHTAH/IBIIbIHA JKaHa TapKaJraH jepuHe KapabacraH
KypaMbl JaibiMa TYpPyKTyy 6oxoT», 6. a. OMDHKMEHH TY3IOH 3JI€MEHT-
Tep o3apa OeJrHiyy raHa caH/IbIK KaThIITap/la apaKeTTeHuIeT. Mmuca-
JTBI, ¥KApaTHUIBIIITA KOl Ke3/lellIKeH KaWHaTMa Ty3, KaJbIiH KapboHaThI
(60op, MpaMop) x.6. MeHeH slabopaTopHusa/ia aJBIHTaH YIIYJ 3JI€ 3aTTap-
NbIH KYPaMbIH/la 94 KaHJa¥ aubIpMa ponbout. TymTyk AMepHKaJarsl
makap (K,CO,) MeHeH KHHOBap/AbIH (HgS) xumusibik kypambl Cubup-
nery ke ABCTpaJUAAarsl Ke3j/lellIKeH OLIOJI 3Jie 3aTTap/laH 34 albIpMacsl
6os60iT. [leMeK, KypaMbl TYPYKTYY OOJITOH/IOH KHMHUH Oepuires OMpHK-
MEHHH XHMHUSJIBIK KacHeTTepH ja AaiibiMa TYPYKTyy 6os10T. By Kopy-
TYHAY K39 OHp opraHMKaJIbIK 3aTTapra KoJioHYJa6aiT, ceb6edbu OMpHKMe-
HUH KYpaMbIHArbl 3JIeMEeHTTep/AHH aTOMAYK KaThIIITaphl bupaeu 60iro-
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HY MeHEeH aJI 3aTTap KacueTTepu 60l0HYa KeCKMH aiibIpMaJaHbIIaT. AJl-
cak, C,H O sMuupukajIslk GopmMyja 3THJI CIHPTHHUH (C,H,OH), arun
apupuruH (CH,-O-CH,) cTpyKTypajibIK (hopMyJiajapblH beper. By sku
3aT KacHeTTepH 60I0OHYA KeCKHH allbIpMajaHbIIIaT. JTHJI COUPTH CYIOK-
TVK, CVY MEHeH YeKCH3 apaJjallar, IIeJOYTOp MeHeH aJKOTOJATTapP/bI
maifga KpLIaT, ajJ 9MH JAMeTH 3(HpH — ras, cyy/ja 3pubedT, XUMHUAJIBIK
KacuerTepu 000OHYA COIUPTTEH KeCKUH albIpMaJlaHarT.
by o
« Lypoono]
1. XUMUANBIK 3NeMEeHT, aTOM/IYK XaHa MoneKynanblk Macca, Moflb KaHan YoH-
aykrap?

2. BaneHTTyynyK XaHa OKUCTeHyy Aapaxacbl kaHaaw TywyHykTep? AnapabiH
alblpMacbiH KOPCOTKYNO.

3. TomoHky kemyptekTyy 6upukmenepgern CO,, CH,, CH,OH, C,H,OH,
CH,COOH, CH,0, HCOOH keMypTeKTUH BaneHTTYy/yryH XaHa OKUCTeHYy Aapaxa-
CblH @aHblKTarbina?

4. ToMOHKY 3aTTapaarbl 3NeMeHTTepAMH OKUCTeHyy AapaxanapblH aHblKTa-
reina: Na, 0, Na,0,, Fe,0,, SO,, SO,, CI,0,, AlH,, HCI, Fe,(SO,),, FeSO,, K,.Cr,0,,
NH,, NO,

5. 1-VIl rpynnaparsl ToMeHKy anemeHTTepauvH Li, Mg, Al, Si, P, S, Cl okecuane-
DWH XaHa anapra Tyypa KenreH ruapokCuaAepuHUH Heru3 xe KUcnota kartapbl cop-
MynanapbiH Xaarbina.

6. Heruaawvk, kucnotansik xaHa amgoTepavk okenaaepavH XMMUSAIbIK KacueT-
TepuH KBPCOTKOH peakuusnapibl Xaarbina.

7. TeMeHKy kucnoTanapabl XaHa anap/ibiH KanablKTapblH 3n1apanbiK atanbil-
Tapbl MeHeH atarsina: HCl, HCIO, HCIO,, HCIO,, HCIO,, H,SO,, H,SO,, HPO,, H,PO,,
H,Cr,0,, HCN, HCNO. Of Ly

8. TeMeHKy Ty3aapabl knaceudmkauusnan, atarsina: AlCL,, AIOHCIL,, Al(OH),Cl,
Ca,(PO,),, CaHPO,, Ca(H,PO,),, KCr(SO,),, K,[PtCI].

9. ToMoHKY annaHbiluTapablH TeHAeMenepuH xasroina:
Ca —» Ca0O — Ca(OH), —» Ca(NO,), - Ca0 — Ca.

10. KypamabliH TyPYKTYY/yK 3aKOHyHa, MaccaHblH cakTasnyy 3aKoHy XaHa ABo-
ragpo 3aKkoHyHa aHblkTama beprune.

11. KO, KOH, KCI, KNO,, K,SO,, K,PO, 3aTtTapbiHaars! KanunuavH Mmaccanbik
VNYWYH aHbIKTarsina.

12. TemoHKy 3aTTapra Tyypa KenreH okcugnepau tankbina: HNO,, H,SO,,
H,PO,, Fe(OH),, Fe(OH),, HCIO, HCIO,, Al(OH),, H,SIO,.

13. ToMeHKy 3aTTapAblH rpadumkanbik dopmynanapbliH kepcetkyne: Al O,,
Al(OH),, HNO,, H,PO,, H,SO,, H,S0O,, CaSO,, CaHPO,, Ca(H,PO,),, Ca,(PO,),
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III znasa

K AJIIIBI XUMHSIHBIH TEOPHUAJIBIK HETH3/IEPH

§ 1. ATOM-MOJEKYJAJIbIK OKYY

BapnbIk 3aTTap aHjlaH apbl 6eTyHOOroH 9H Mai/1a 06JIYKIOIOPAOH —
aTOMAOP/IOH (rpek. atomos — 6esyHbec) TypaT. ATOMUCTHKAHBIH OHYT'YIIY
M. B. JlomoHOCOB, A. A. JlaByasse, 3. IIpyer, JL. K. BeprojieHUH HIIH-
MHIT SMTeKTepUHNH HaThIHKachl 00y 9CenTeIeT. Kuitng [x. laasToH
1803—1807-KbLIIapAa TOITOJITOH IKCIIepAMEHTAJ/IBIK JKaHa TEOPHSIIBIK
MaTepHaJIAapbl MeHEH TOJIYKTaraH. ATOM-MOJEKY TaIbIK TeOPHUAHbIH He-
U334 »X000JI0pY TOMOHKYJIOD: '

1. Ap 6up 2JIeMeHT aH/IJaH apbl KYPaM/IbIK 6OeJIYKTOPre akpipabarat
9H Maiija 0eJYKUYe16H — aTOM/IOH Typar.

2. BepunreH 3aTThbl TY3T'6H "KOHOKOII KaHa TaTaaj aToMAop OHpH-
pupHHEe TOJVK OKIIOII, Maccajapbl pupjeil DOJTOHAVKTAH 3aTTapAbIH
KypaMbl TYPYKTYY 00JIOT.

3. Typayy 27eMeHTTepAMH aTOM/OPY ©3apa apaKeTTeHHIITHII TaTaal
3aTTHI TAiiAa KbUIAT, ajl 9MHU PeaKIUAHBIH HaThIHKACIHAA Oup 2JIeMEeHTTHH
aToMy OalllKa dJIeMEeHTTHH aTOMYHa aijlaHa ajIoamnT.

4. YKeEoKoil aTOM/IOP aHAAH apbl 00JIYHOOreH DOIYKYOIIep. Taraaua
ATOMJIOP TaTaaJ 3aTThIH OH KHYMHE DeJYTY, ajJap/bl aZKbIPaTyy aJl 3aTKa
TaaH/IbIK KAaCHUeTTepAHH »KOr0oJIYIIYHa aJbIIl KeJIeT.

5. DKHU ke aHAaH KOIl 2JIeMeHTTep/IuH aTOMAOPYHaH OMpHKMe ITania
60J1CO, anap/AbIH aTOM/I0PY ©3apa KOHOKeH OYTYH caHjlap KaTapblH/la Ka-
THILIBIIIAT.

ATOM/IVH TaTaaJJIbII'bl

JieKkTpoH. Bap/blk 3aTTap aH[AaH aphbl HeJIYHOOrOH OTO Maiija aToM-
JOP/IOH TYPraHAbIrbl TYYPaIyy KO3KapamTap OM3IUH I00PTo YeMHHKH Me3-
rusiiep/leH TapThIll OTKOH KbLIBIM/IbIH aKbIPbIHA yelMH OKYM CYPYII KeJJIH.
By Ke3KapalllTap MeHeH Karap aToM TY3YJIYIIYHYH TaTaaJAbITBIH JaJIuljie-
reH dKCIIepEMEHTAJABIK (paKThLIap TOITOIAY.

XIX KpUIBIM/ABIH OPTO YeHHHEeH OalTan OKyMYyIITyyJjiap abachl cop-
yPYJIYII aJIbIHTaH alHeK TYTYKTOPAOH JJIEKTP pasps/iapblH OTKOPYIIYI
(1870-1879-xx. Kpykc), KaTOJIOH aHOATO OareITTaJITaH Tepc 3apdAl-
Ayy 6OJIYKUYeJIepAYH — KaTo/ HypJIapblHbIH arbIMbIH paKalIKaH.

KaToa HYpJAapblH HM3WJIJ00HYH HaATHIMKAChIHAQA Kpykc ajapAbIH
TOMOHKY KacHeTTepHH KOPCOTKOH:
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1) KaTo/ HypJiapbl TY3 CBI3BIKTYY TapaJraH/bIKTaH, ajlap/ibIH KOJIYH-
Aarsl 6YIOMIap/bIH KOJI0KOCcY 9KpaHTa TYIIOT, ajlap KHHEeTHKAJIbIK SHEePIu-
r'a 99 60JIrOHAVKTAH MKOJYH/Iarbl YKeHIUJI HepceJlepid KbIIMbLIra KeJITHPeT;

2) K92 6Up 3aTTapAbIH (hJIYOPECIEHTTHK KAPbIK YbIrapyyCyH [IIapTTaNT,
MUCATBI, OMare OeJITHITYY TeJIeBH30PAYH dKPaHbIH/AArbI (h1yOPeCIeHITH i,

3) KkaToj HypJjaphl TYTYKTYH KalTajlapblHa YPYHTaH/a, ajJap/blH
9HepPTrHUsIChIHBIH OMp 0OJIYIY KapblK 9HEPTHUsACHIHA afylaHaT, MarHuT Taa-
JlJachIHAA OH VIOJra KbIMIIasAT.

1879-3xbLIbI OV Tepc 3apsaaayy oesnykdesep CTOHEHAWH CYHYIIY
GoI0OHYA 2.1eKkmpoHAop Aell aTaAraH, ajl dJIeKTpP 3apAAbIHBIH MYMKYH 001
rOH 9H KHYHHEe GUPAMIHH ajbpil kyper, €= 1,6-107" kyjoH, Maccacsl
m_ = 9.11-10=r.

DJIeKTPOHAYH 3apsi/ibl 6T6 KHYMHE Tepc caH DOJITOHAYKTAH, HIIITOOIO
BIHraMJIyy OOJICYH YUYYH ara Tepc 3JIeKTp 3apAAbIHbIH Y€H OMpAUIHA KaTa-
pel € Oenry pIMrapblLIraH.

[IpoToH KaHAa HEUTPOH

[TpoToHAYH 0OJYIIVH PaJIMOAKTUBAYYIYKTY U3UII06/10TY Oup Karap
Taskpbliibajap KOPCOTKOH, ajap 3JIEKTP TajaachlHJ/Ia TepcC yioJira KbIH-
mast. Maccacsr 1,67-1072% r, 6. a. aiaekTpoHAYH MaccacbiHaH 1836 ace
yoH. OIIeHTHII, CYYTeKTHH aToMy 1 IPOTOH »KaHa 1 3JIEKTPOH/IOH TYP-
raHABIKTAH aHBIH Maccachl IIPOTOHAYH MaccachblHa Aaj KejeT. CyyTeKkTeH
HalIka 3JeMeHTTep/ANH aTOMAOPYHYH Maccachl ajap/blH KypaMblHJarsl
IIpOTOH MeHEeH 3JIEKTPOH/OPAYH MaccajlapbIlHbIH CYMMAaChIHAH Y0H 00JIOT.
By aitbIpMaubLIBGIKTEI 1920-KBLIBI aTOM/YH KYPaMbIHAATBI HeUmpoH Jie1l
arajraH Gesyk4ye 6ap aen 6oxxomospomTy. Takpbrida KY3yH/IO Oy
Gosrykuesep — HelTporaop YeaBuk (AHrIHsA) TapadbIHAH 1933-KBLIEI
aybpLIIbl. HeHTPOHAYH KaHa IPOTOHJAYH Maccalapbl A39PJINK oupjaen,
H6UPOK HeHTPOH/VH 3apsa/bl HOJIIe, IPOTOHAYKY +1, 9JIEKTPOBAYKY — lre
bapabap.

PenrTres HypJapsbl ’KaHa pajJMoaKTHB/IYYJIYK

B. PeHTreH KaToj HYpJapbIHBIH KaCHETTepUH U3UJIIeIl KaThIII, 1895-
’KBLJIBI KaTOA HypJapbl TYTYKTYH aliHerMmHe THHIeH/Je aHJaH KO3TIe
KOpPYHOOIroH HypJIap/blH YbIraapblH OalKall, aJap/bl X-HYpaapbl 1e1l aTa-
rag. ByJI HypJiap 9JIeKTp skaHa MarHUT TajlaajlapblH/la KbIAIIalbauT, ras-
nap/bl HOHJOIITYpAT, 6. a. X-HypJIapbl OTKOH a3 9JIEKTP TOTYH 6TKOPTYY
6OJIYII KaJaT, KNHMH ajapfbl peHmzen HYpAapbl Aell aTamiTel. PeHTreH
HYpJIapbIHBIH a4YbLITaHBIHAH OUP KBTI OTKOHJOH KMUHH A. bexkkepeib
(1896-kbUIBI) YPAH TY3Aaphl PEHTIeH HYyPJIaphbl ChISAKTYY KO3re KOPYHOOroH
HYpJIap/lbl Yblrapyyra »KeHA0M/YY SKeHAUruH OGaikarad. AJl HypJap Ja
Kapa Karasra opoJiroH (oToILIaCTHHKAra Tak KaJThIPbII, TYPAYY 3aTTap
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apKbBUIYy OTYyl, abaHbl MOHJOLITYpAT. BekkepesJuH CYHyIly OoloHUa
M. Kiopu-CriofoBckas MeHeH 1. Kiopu pajfnoakTHBAYY zaTTapibl 00JYY
GoloHYa TaXKpblitbasapblH bamrarad. Knnus, OLIIOHJION 2Jie dJjle HypJiap/ibl
TOpHH, paAUi/IuH Ty3/1aphl jia 6eyll Yblrapapsl fpaiikairad. 3ammapdvli
kopynbozon Hypaapduvt 6oayn wolzapyy Kacuemut arap paduoakmuedyyaykg,
an amu e30epyn paduoarxmusdyy 3ammap den amooHy CYHYIII KbUIBIIIKAH.
PajroaKTHB/YY 3aTTapjal 6esyHYIl YBIKKaH HypJIap MarduT skaHa AJIEKTP
TaJIaachbIHAA KBIMIIIA0y MeHeH, (hoToIlIaCTUHKaZAa Y4 Kapa TaKThbl nauja
KpLIaT. BOJIYHYII YBIKKaH HypJapAbl KacHeTHHE Kapallla -, B-, y-Hypaa-
pbL den amawiKam.

y-HYpJlaphbl, 9JIEKTP TAJIaachIH/a 39 KAKKA KpIMIaiboanuT, peHTred Hyp-
JIapbl CHIAKTYY 3apsi/chbI3 HOJIYKYO, dJIeKTP-MarHuTTHK TepMeJTyyJaep OoJINoH-
aykTaH TeMupauH 30 ¢ KaTMapblHaH /A OTYIl KeTeT.

B-HypJapsl Tepc 3apAAAYY dJIeKTPOHAOPAYH arbIMBlI, BLJIJIaM/IbITBI
sapblk purgamabirbiaa (300000 ra/c) bapabap.

O-HypJiapbl OH 3apajjajirald 0eJyK4eJep/yH arbIMbl, 20000 km/c
pUIAAMABIK MEeHeH Tapajar, 3aTTap MyHY JKeHHJI 3Jie CHHUDPET. KanbIH-
abirsl 0,1 MM aMIOMHHAM IJIACTUHKACBIHAH OTO aJI0afT. a-HypJapbIHBIH
vMaccachl 4 M.a.0., aJ 9MH 3apAjAbl +2 60JITOH reJMHUH AAPOCYHA Dapa-
6ap 6eaYK40, o . PagmoakTHBAYYIYKTYH a4bLIBIIIbL ATOMAYH TY3YJIYIIIYHYH
TaTaaJIAbIIbIH, aJlap/blH OH »XaHa Tepc 3apsAjjaJirad DOJIYKYOJIOP/I6H TYD-
raHABITBIH JaIAJ/Ie/IH.

MBbIH/aH THIIIKApbl aTOM TY3YJYIIYHYH TaKTaJIbIIIbI, aHbI MEHEH
paimaasuTyy Pesepdops, bop Teopusaiapsl, Mogzu 3akoHYy, ['eiizendepr
meneH JIyu-zie Bpoityib TOJIYKTOOJOPY, aKbIpbIH/AA KBAHT TeOpPHUSACHIHBIH
HerusepH KaJNbIChIHAH MEe3THJIIUK 3aKOH/YH TYYPAJIBII'bIH bIpacTall,
aHbI AMATEKTUKAJBIK-MaTepUAJIMCTTUK KO3KapallTa 6To JKOropKy OUMHUK-
THKTe KoTopyn oatypar. Taraans GU3UKaIbIK-XHMHUAIBIK IIPOIECCTEPAH
naiiaJlaHyy MeHeH »KaHbl 3JIeMeHTTep a4blIbIlI, MeH1eJ1eeBJIHH Me3T1JI-
MK cHcTeMachl aKbIPbIHAAIl TONYKTANYY/Q.

§ 2. AToM TY3YJYIIYH TYIIYHIYPYYYY @Jra4vKel TeOpUiIap

Pezepdop yiyH MJIaHeTa p/AbIK-IHHAMHKAJIBIK TCOPUACDHI

Bya Teopus 1911-Kp1Ibl a4YblIraH. O3y »KYpPrY3reH KOIl TazKpbli-
fasapblHa TasgHBIN, Pedepdops aToM TY3YJYyIlY TEOPHIACHIH TOMOHKYYO
passEaaraH: «AToM OH 3apsjjajrad 9H KHIYHHE DosIYK4YO10H — AAPOJOH
sxaHa aHBIH aigaHachblHAA THIHBIMCHI3 alyIaHbIIl 2KYPreH Tepc 3apAAal-
raH 5H KHYMHe 3JIeKTPOHA0H TypaT. OKyMyuTyy 0yi1 MoaiesIid KYH CHCTe-
Machl CBIIKTYV KOPCOTKOH. AJl: aTOM JJIEKTD KaKTaH HeATpaaayy, 3J1eK-
TPOHJIVH CaHbl A/IpO 3apA/IbIHA foapabap, — Jieres Herusru »KBIMBIHTBIKKA
KeJIreH. ByJl TeOpDASHBIH HerH3WH/Ie HJINMIe KePeKTYY HaThIHIKa KeJHUII
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gypirar: «SApoHYH 3apsAAbl, 3JEKTPOH/YH CaHBI dJIEMEHTTHH KaTap HO-
mepuHe dapadap». OmeHTHII 2JIeMeHTTHH KaTap HOMEPH KOH rana aJlapAbl
caHAIl OTYY 9Mec, TeCKepHUCHHYe, aTOMAYH HeTH3rd MYHO3/16MOCY SKEH/IH-
ri Gesaruiayy 601ay. DJIeMeHTTHH KaTap HOMepH KHHHHYePIJK 191 3-2KbLIBI
Mo3az TapabblHAaH MaTeMaTHKAJbIK TYPA® 3CeNTeJTHHHAI YbITaphLITaH.

Pesepdopx TeOPHACHIHBIH KeMYMJIHKTEePH:

1. Pezepdhop/i TeOPHSACHI aTOMAYH TYPYKTYYJIYTYH TYIIYHAYPO ajral
aMmec. Mucaibl, 3JeKTPOH OH 3apAAAaliraH AAPOHYH Tereperuuyje ama-

HBIII 2KYPYY MEHEeH ara TapThbLIbII, 3JIEKTP-MariUTTHK dHEPIruAHbL Doy
ypIraphbIbl Kepek ajie. MyHYH HaThIMKACBIH/A 2JIEKTPOH/YH S9HEPTHUACEI
aKbIPBIHAIl OTYPVI adaiiMak J1a, 00pboOpAoH YeTTOOYY KYY MEHEH, 3JICK-
TPOHAVH SAPOTrO 3JEeKTP-CTAaTHUKAJIBIK TapThLIYy KYYYHYH OPTOCYH/ATrbl
TeHAemITHK Oy3yiMak. OmoHAYKTaH 0YJI TeHAEIITHKTH CAaKTall KaJbII
VIYH 2JIEKTPOH YJIaM S/IPOTO KaKbIHKBI OpOUTAra, aH/laH apbl dJICKTPMAar-
HUATTHK 3HEePrusiibl 2KOroOTYY MeHeH, CIIUpaJIb TYPYH/IO KBIMMBLJIZAIl OTY-
pyI, aKbIpbIHAA SAPOro TYIIYI KaJIBIIIBI MYMKYH. MeiEga# 60JTOHAO
aTOM TYPYKCY3 OOJIMOK.

2. Pesepdop/ aTOM/IOTY CBIBBIKTYY CHEKTpJIepAd TYIIYHAYPO ajlral
amec. OTe BICBITHUITAH KAaTYy sKaHa CYIOK 3aTTap 3JIEKTP-MAarHUTTHK TOJI-
KVHZap/bl 66Ty UbIrapyy MeHeH OHp TYTall CIIeKTPJIepAd Han/ia KbLIbI-
mar. AJI MM ©Te BICHITHIITaH ra3djap — TYPAYY TYCTOrY, OpTOCY KapaHrbl-
JIBIK MeHeH YeKTeJIleH, ChI3BIKTYY clleKTpiepAn 6epuier. PesepdopaayH

IJaHeTapAbIK TeOPHUACHIH OPKYHAOTYY MeHeH Bop aHBIH TYIIYHYKCY3 CV-
pPOOJIOPVHA K001l Tabyyra apaker sKacaras.

Bop Teopusckl

Hunse Bop 1913-KbL1bl aTOMAVH S/POJYK MOJeJH MeHeH KapbIK-
THIH KBAHTTBHIK TEOPHUSICHIH OMPUKTHUPYY aPKBLIYY aTOM TY3YJIYIIY TEOPHA-
ChIHA YOH CaJILIMbIH KOIIIKOH.

K apbIKTHIH KBAHTTHIK TEOPHSACHIHBIH HETM3I'H K000JIOPYH 3CKe aJIbIII,
Bop aToMAVE AAPOJIYK MOJEJIHH TY3YY/16 TOMOHKY KBIMBIHTEIKKA KeJITeH:
«ATOMOTY 2JIEKTPOHAYH 3HEeprusachbl 6Mp KajblnTa 60J100CTOH, Y3TYJI-
TYKTYY, Oalmkada aiiTKaHJa AMCKpETTYY D0OJIyIl ©3reper. OmoHAYKTaH
aTOM/IO 3JIeKTPOHAVH KaaJlaraH 3HepreTHKaJbIK abaJibpl 00JI100CTOH ajap-
ra «ypykcar bepHjreH» raHa 3HepreTHKaIblK abay 60J0T. AJl 9MU YPYK-
caT 6epuires 6Mp d3HEePreTUKAJILIK OpOUTAa/IaH d9KMHYUCHHE 6TKOH/O JJIeK-
TPOH 3JIEKTP-MarHUTTHK HYPAY CUHUPHI ajaT ke 06JyIl yblrapar». Ha-
PBIKTHIH KBAaHTTBHIK TEOPHUSCBIHA BLJIAHWBIK JJIEKTPOHT'O KOII KacHeT
MYHO31YY. KopnycKyJaayk 6egyKde kKaTapbl Maccachl 0ap, TOJKYH ChIAK-
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TYY, »KapblK HHTep(epeHIus, AUPPaKIus KyOyJIyIITapblH Iauja KbLiarT.
ATOM TY3YJYIIYH TYIIYHAYPYY YYYH Bop e3 nocTysarTapblH (?K000JI0pYH)
naiigajsaHbll, AAPOHYH TereperuHjie aujlaHblll KYProH 3J1€KTPOHAYH bLI-
naMABLIIBIH, palyCYH aHbIKTaraH.

Bop mocTyIaTTapbIHbIH HUKH KapaMa-KapuIbLIBIKTAPbI TOMOHKYJIOD:

— IMocryaaTTap KJIACCHKaJIbIK MEXaHMKAHBIH JKaHa dJIEKTP-ANHA-
MUKAaHBIH-3aKOHZOPYHYH YbIHBII'BI KO3KapalllTapblHA TOJIYK 7OO0II Oepres
sMec. ByJl 3aKoHJIOp ©6TO KMYMHEKe! TeJ0J0p YIYH KOJJAOHYJITaH JKaHa
ATOMJIOTY 2JIEKTPOHTO TaacHp dTYY4Y KYUTY 9CEITOO YIYH IraHa namjiana-
HBIJITaH.

— DJIeKTPOH OUP cTAaIlHOHAPABIK OPOUTAZaH SKNHYIH opbuTara KaH-
YasTbIK Te3NUK MEeHeH OTCO [a 3JeKTPOHJYH OpTojory adajibl OeJrucus
GolinoH KajraH. MpIHAAl ydypla 9JeKTPOH DallTalKbl ’KaHa aKbIPKbI
opbuTasap/AblH OPTOCYH/Ia OMp abaj/ibl CO3CY3 IIJIEIIN KEPEeK JJIE.

— CyyTek aTOMYHYH CIeKTPUH/Ierd HypJIapblHbIH HHTEHCUBAYYIYTY
9MHe YUYH OMp/ieil 9MeCcTUTI'M TYHIYHYKCY3 KaJjirad.

— Bop Teopusicbl XMMUSUIBIK OaMJIAHBIIITAPABI CAHABIK JKarblHaH
TYLIYHAYPYYA® TOJVK KOOIl Oepe ajrax aMec.

K BIIBIHTHIKTAI aliTKaH/a, bop TeopusACsl dKapaThUIBIIITArbl 6TO YOH
TEJIOJIOPAYH — MaKpo 06JIYK4Y6IOpAYH 3aKOH/IOPYH, 9H KUUYMHEeKe! TeJ0JI0D-
ro, MEKPOOOIYKUOJIOpre — aToM, 3JIEKTPOH, (hOTOH ’K.0. TY30H-TY3 KOJIJIO-
nyyra 60y100#f TYprasgsIrbIH KepcoTTy. HaTbliizkaza MU KPOOOJIYKUOJI6PIo
bUTANBIKTAJITAH KaHbI (PU3UKAIIBIK TEOPUSHBIH HIIITEIHIT YbITbIIIIbIHA 00 BbEeK-
THBAYY IIapTTap TY3YJIOY.

KBanr TeOpPpHUACBIHbBIH KaJbIIITAHBIIIIBI

KBaHTTHIK MeXaHUKA JleTeH HJIMM aTOM TY3YJIYIIY TeOPHUSChIHAH aJIbIH-
raH jaHbl MaaJbIMATTAp MeHeH TOJAYKTaIAbl. Ajicak, 1924-7KbLIbI QpaH-
y3 okyMymryycy Jyu-ae-bpoiis ¢hoToHI0p raHa KOPIIYCKYJIATBIK-TOJI-
KVHAVK KOIII KacueTKe 99 00JI00CTOH, 3J1€KTPOH/OP /1a VIIYHJal dJ1e 9KH
KacCHeTKe 99 dKeHAUTHH oearuien, 1927-KbUTbl TaKpbiiiba TYPYHAO /Ja-
JIAJIZIereH.

DJIeKTPOHAVH KOPIYCKYJIaJbIK KacHeTH aHbIH OYTYH Hepce KaTaphl,
3aTKa TAaaCUp 3TKeHJUTHHJle, ajJl 9MHA TOJKYHAYK KacHeTH aHbIH nudpak-
s, MHTepdepeHIs KyoyayiyHa Ayymap OolymyHs/ia, KBaHTTap TeOpHsi-
ChIH OPKYHIOTYY MeHeH Jle-Bpoiilb 2JIeKTPOHAYH TOJIKYH TYDYH/IO KbIH-
MBLIIali TYPradbIrbIH KaHa OIIOJ TOJIKYHAYH V3VHAYIVH 3CENTO0TY TeH-
eMeHH CYHYIITaras.

Jlesnnacon venen /[sxkepvep 1927-%b1i1bl TaXXpbliiba TYPYH/IO 3JIEeK-
TPOH/IVH TOJIKYH 3KeHJAUTHH KOPCOTYI, 3JIeKTPOHAYH TOOY AU paKIAA-
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JBIK, MHTepdhepeHIUAIbIK ahdeKTTepAH Oepe TYPran/bINbIH AATHIIIerCH
MKAaHa 9JeKTPOHAYH TOJKYHYHYH Y3YHAYI'YVH aHbIKTAaraH.

leitzenbepr AaibIHChI3AbITbL. KnilnEYepask B. ['eitzeHOepr 2JIEKT-
POHAVH KBIMMBLIBI TYYPaIyy KOIIyM4a TYUIYHYKTY — JIAMBIHCHI3/IBIKTHIH
NpHHIMOME KHiupred. AJl IpUHIHUIIKE pUIAMBIK OMp/ieil ojie YyOAKbITTHIH
MUMH/e 2JeKTPOHAYH abalIbIH KaHa HMMIIYJBCYH, BUIAAM/BIIBIH KaHa
9HepPrHUsCHIH AHBIKTOOI0 00JIDOMT /eIl dCelTereH.

KBaHT MeXaHHKaChIHBIH KO3Kapallbl 00I0HYa, OpOUTaHbI MEHKUH/INK-
Ters Y4 eJ4eMAYY Kejgemery O0BeKT ChIAKTYY Kapooro oosioT. AApoHYH
TerepervHjie 3J1eKTPOHAYH 00IYY bIKTHIMAJIABIIBIH MeNKHHUKTErd KooK
cthepasIbIK I1ap CHIMAJI dJIecTeTYY KepeK. AJIbIHIaH OyJI MOJeJIb IAeKMPOH-
dyi Gyaym Aem arajar.

MEeIEAa# chepaablK MIapAbIH OpAYHA 3JIEKTPOH 63YHYH yOaKThICHI-
aerH 90% MH ©TKOpe TYpraH sSiIPOHYH TereperdH/lerd YOHpoHY 1595058500 8
JIEKTPOHAYK OYJIYTTYH Kajllbl 3JIECHH (3.1-cyper, 6) xaHa KOJIOMIYK
durypassl kepceryyre 6oior (3.1-cyper, 6).

3.1-cypoT. INeKTpoHAYK DynyTTyH Ty3yriyLly.

§ 3. KBaHT TeOpPUACHIHBIH HETH3TH K000JI0pY.
KBauTTBIK caHjaap

ABBIPpKBI YUYYPAA KBAHTTBIK XUMHUAHBIH KO3Kapallbl DOIOHYA ATOM-
JOI'Y 3JIEKTPOH/IOPAYH KBINMBLIBI KaHa adasbl TOPT KBAHTTHIK CaH JKe
6o0s160cO TOPT IIapaMeTp apKbLIYY TYIOHTYJIAT.

Bamksl KBAHTTBIK CaH — 1, JICKTPOHAVH 9HEpPrusichlH ’KaHa aHbIH
SAPO/IOH KAHYAJIBIK apaJIbIKTa KBIMMBLI/AAIl 2KYPIOHYH KOPCOTOT. Bamkel
KBAHTTHIK CAH/BIH OeJIrHIyy OMp MaaHHCHH/IeI'H dJIEKTPOHAOPAYH ababl
SHEepreTHKAJBIK AEHI29JI Jlell aTajaT jKaHa ajap JaThlH TaMrajlapbl Me-

HeH OesirmieHer: n = 1, 2, 3, 4, 5, 6, 7 »Ke s3HepreTHKaJbIK JACHI'93JI-
nep— K, L, M, N, O, P, Q.
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AHBIKTAUT. OPOUTAINBIK KBAHTTEIK caH l =n —1 pen dCeNTeJUHHI, «()»

CaHZbIH ap OMpH e3yHE THelIeJyy 00JIiroxn OpOUTaNAbIK dhopmara 25 xana
KHYUHEeKeH JIaTbIH TaMrajapsl MeHeH Gejnrusener:

JHEPIreTUK A bIK

JeHI33JI n = 1 2 3 4

ATOMIVK

opburanpap [ = 0 0.1 0, 1, 2 051342153
' S S, p S, p, d S,spnd.f

TAIJABIK KBAaHTTBIK CAHABIH ap Oup caH MaaHucH AalbIMa ©3YHO THe-
[11eJ1yy 60JIroH hopMaHbI axbm XKYpeor:

[
ATOMAVK [ = 0 1 2 3

opdouTasap S p d f

MeiHza s — ATOMAYK opbuTaijap — map copmackiHAa, p — raHTeJb,
d >xana f — Taraan (dburypanap (3.2-cyper).

Ap 6D meHrasgern ATOMAYK opburaigap THelIesyy nudpaaap me-
HeH OeJyiruiieHer. Mucansr, 1s, n = 1re TAaHABIK, 2s MeHeH 2p n = 2re

Tyypa Kexner. OmeHnTHn ATOMAYK opOHUTangapasIn ap Oup neHrasnnern
CAHBIH TaKTall YbIT'YyTra 60J0T:

3.2-cyper. s-, p- aToMAyK opbutangapbiHbiH opmanap!.
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—

1s 2s 2p 3s 3p 3d 4s 4p 4d 4f

e ) )

Koropya KepceTyJIreHeil, GHpMHYM JeHraase Oup aTOMAYK Op-
6uran (AO), skuHuYHge — okHM (2s2p), yuyHuyae —y4 (3s, 3p, 3d),
TepryHuyae — TopT (4s, 4p, 4d, 4f) AO bap. OmoHAYKTAaH CYPOTTO
KOpPCOTYJITOH eHra3/iep/u Geruieres JKapbiM allaHaJlap/AblH KaJIbIH-
OBIKTAphl ap TYPAYYUY® 060JIOT el TYIIYHYY Kepek.

MAarHMTTHE KBAaHTTBHIK CAaH — N, aTOMAVK OpOHUTaJIbIH MEMKNHINK-
TerH MATHHTTHK JKe 2JIeKTp TajJlaachblHa KapaTa KaWramkad abaJiblH
KepcoeTeT. AJl 6T6 Te3 ©3repyy MeHeH OpOHTaI/IbIK KBAaHTTBIK CaH/IbIH
GapAbIK OH ’KaHa Tepc MaaHUJIepuHe 33 60JIOT:

m=+l, 0, -1

OJrep/ie MarHUTTHK KBAHTTHIK CaH/bBIH ap OMp MaaHUCHH TOPT Oypu-
TYK (HUrypa — sueilka || apKbLIYY Oejruiecex, aH/Aa s aTOMJVK OpOHTa-
na 6up, p Aa — y4, d aa — Gemr, f Te — »KeTH sivelKa (ya4a) 60JI0pyH OHOH
3Jie buyyre 60JOT:

1=0 1 2 3
S p d f
m=0 +1, 0, -1 o0 =1 =20 3, +2; 41,10, -1, =2; -3

Ap 6up aToMAyK opOHTaNABIH siYeHKaJapbIlHBIH CaHbIHA JKapallla
MeHKUHANKTe 0310pYHO THelIeayy 00J1roH ¢opmaaapsl 00JIOT.

CoMHIMK KBaHTTBIK caH — S.

CHHHAMK KBAHTTBIK CaH 3JIEKTPOHAYH MEeHYHNK MarHUTTUK MOMEH-
THH KOpPCOTOT. AJI 3JIeKTPOH/IVH 03 OTYHYH TereperuH/ie KapbIM alJIaHyy
KBIAMBLIBI OOJIVII caHaJaT (KOMIIACTHIH *KeDeCHH aJiecTeTKHJIe). Cnus-
AWK KBAaHTTBIK CaH KapaMa-Kapllbl 0arsITTajraH 3KH raHa MaaHHTIe 39

1 1 .
— =, AHbl aTOMAVK OpﬁﬂTaﬂﬂapﬂanI AYeHnKa-

peAsLoP
Jlapja KauralTbeIpyyaa 11‘ yxebesiepy MeHeH Oenruieitouns. bup aToMAyK
opOHTAN/IBIH SYeHKacChIHAArbl OMp OarelTTarsl 2kede MeHeH KOpCoTYJITOH

OOJIPOHAVKTAH: S = +

3JIeKTPOHAVH a0ajbIH OII0JI 3JeKTPOH/AYH TOPT KBAaHTTBIK CaHBIHA Dapa-
6ap gen TymryHeobys.
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§ 4. AToMayK OpOMTANaP/AbIH TOJTYPYIYIl HPETH.
[IpuHunTep RaHa spexeaep

Koropyaa 6mu3 »Kajrsi3 9JIEKTPOHY Hap cyyTeK aTOMYHYH TY3YJIYLIYH
pastHarad Mojesliep MeHeH TaaHbIIITHIK. DMK CYYTEeK aTOMYHYH TY3YJIYIIYH
MYHO3/100T'6 MIITEJTHII YbIKKaH TeOPUAILIK KO3KapallTap/bl KOII 3JIeKT-
POHAYY aATOMJIOPAY CYPOTTOOre KOJIAOHYI kopeosy. CyyTek aTOMYHYH
TY3YJIYIIYHAOrY HeTM3TH TYIIYHYKTOP — ACHI93I, AaTOMJIVK opOMTaJl KOII
3JIEKTPOHAYY aTOMAYH TY3YJYIIYH CYPOTTOONO KOJIZIOHYJIAT. A TYI'YJ OpP-
ouTasiap/IblH MEHKUHAUKTETr ! popMmasiapsl a CYYTEeKTHKUHJEeH Jiell aJIbl-
rat. Kol 2JeKTPOHAYY aTOMAYH 3JIEKTPOH/IOPY dHEPIreTHKAIbIK JIEHTIJI-
flep/ie aATOMAYK opbuTajjlapAblH 9HeprusaIapblHblH sKoropyJamsl 000HYa
>Kaurauiar.

Bup aj1e 9HEpreTHKAJIBbIK JIeHI23JI1e aTOMAYH fapibIK 2JIEKTPOHAOPY
sKafralIbIIIbl MYMKYH 9Mec. OIIOHAYKTaH aTOMAYH 9HepreTUKaJIBIK JeH-
ro3J1lepUHUH JIEKTPOHI0P MeHeH TOJIyy HPeTH Oup KaHya NpHHIIAITEepre
yKaHa aperkesiepre daln MHerT.

[Tayym npuHIMOH

[laysu aTOMAYK CIEKTPJIePAX AHAIU3ZIO0HYH HETUSHHAC yKaHa Me3-
MMULIAK CHCTEMAaJIa dJIeMeHTTep/UH KairalllkaH HPeTHH 3CKe aJIblIL, ©3YHYH
THIIOY CAJIVV IPUHIMOMH (OpMYIMpOBKAIaTaH: «aTOMAOTY Oup aTOMAYK
opbuTaia GapAbIK TOPT KBAHTTHIK CAHBI oup/en DOJTOH IKH IJIeKTPOH-
JIVH 00JIyIIy MYMKYH 9Mec». Byl IPAHIHITKE pIIAMBIK OUp AYelKa/ia 9KHU
CIMHJIepH KapaMa-Kaplibl 3JIeKTPOHA0P skafiraurar, 0.a. CAUHAUK KBaHT-

1 1
TBIK caHAapsbl S Oearuiaepu MeHeH aublpMajaHaT (+ Emaﬂa— ~2—). MBbIH-

naif yaypAa KajJraH Y4 KBAaHTTHIK CaH OKH dJIEKTPOH YHYH ouppaei 6oymy
MYMKYH:

(], [f] e [f
myypa, myypa amec

Bup opburajjarsl KapaMa-Kapllbl CIHHIAYY 9KH 3JIEKTPOH JHcYyn-
mawxan nem ataaar. JleMeK, aToM/10 3J1eKTPOHZOPAYH CaHBI KOI boJIco,
asiap SHeprusichblHa jkapalna damka opbuTajiap/iad OpyH ajar.

[Tayiy IpUHIMOMH TOMOH/IOI'YIO KOHOKOH TYIIYHYYro 00JIOT.

Mucasnsl, 1s aToMAyK opOuTajra yd 3J€KTPpoH Kauramsbll KaJjabl
aemnukK: | tit |
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1
Mﬂi-mmm'ﬁ:n-l,l=0.m=0,s=*5:

mai-mwmzn-l.l-o.m-0.s=-%:

1
Yuymuy (}) - saexrponno: n =1,1=0,m =0, 5=+ .

Jlemex, Guprusn xana Y9YH9y IEKTPOHAOPAYH Gapabik TOPT KBANT-
Tk canaaps Gapabap Goayn kanMak. An aMu GHPHEYN JKaHA SKHHYH
MNCKTPONAOP YIYH Y4 KBANTTHIN canjapsl 6upaeii, 6Upok anap TOPTYHYY
KBANTTMK canasn Maannaepn 6Goonva aflkipMaanbin Typyinar.

[ayan opysauby n = 2aen KEAMEKE 51 CHIPTKL] KBAHTTBIK ACHI21-
aepae Baen amuk anextpon 60a60fT AereH YEKTOO MEHCH TOJYKTalaT.
Ap Gup suefikara 2 rana »1exTpol GaTKAHALIKTAH N KAJTaH MaaHWIepH-
He MAAMLIK SNEKTPORAOP — MEIrHALer AleMeHTTepARH canbl ~ 2n” dpop-
MYZACK APKMAYVY ANLIKTANAT:

n=1+2osnemenr; n = 2 - B aneMenr
n+=3-18 saemenr; n = 4 - 32 anemenr x. 0.

DneMeNTTePANH KaTap HoMepn YoHoliron cafinin opbutanjapibin Ke-
SOKTOIH MNCKTPON MEHEeH TOATYPYAYIIY 0T a3 dHeprufiHbiH npuHunOuEe
waadux mmuxe ammar, Jlemex, 6upunyn nperre as sneprusaayy bewn aroMm-
Ayx opburan roarypyayumy kepex. Mucaast, 1s, 2s2p, 3s3p, kUAHHKN
3d menen 4stun xaftosHuicn GupuEYR TOATYPYAAT Aerel o0BEKTHBAYY
cypoo ryyaar, Cebebu Toprynvy KBANTTHIK Aexrsangen (n=4) 6awmran
opOuransapasn sxepruossapunny xobeityy upern Gysyaar. Ascak,
TOPTYHYY ACHrasaaun 4s-opORTANLINLIE SHEPrUACH, YHYYHYY KBAHTTHIK
pewrsanaun 3d-opburasuuns sneprasceinan as 6oxor. OQwonHaykTaH
anray 4s-opbuTasn MMeKTPORAOP MeHeH ToAToHA0H Kuilne rana 3d-op-
Suransap rono Gamrair, repae Munaai 6onborongo kaauil d-aseMeHT-
TOPAMN KATAPLINA KHPHD KAJAMAK A8, MEINMIAMK CHCTeMaHLIH Aallbl
cTpyKTYpackl Gyayamvak. AToMAVK opORTAAAAPALE IHEPIHAIAPLIHLIH a3a-

Muns Kaeyxosckuil apexxec apxuayy ToAyKTalar.

I'ywa apewecn

cAmondyn mypyxmyy abarwna Oup amoxdyx opbumanrda opym
ansan srexmpondyn cnundepunun abCOTOMMYK CYMMARAPHENBN MAK
cumaadyy Haanucu myypa Kerems.

Opesere waaiug, Geprares opuTaisapaa 3NEKTPOHAOP MEHEH TO-
AYY NpORecCRNAC ARAp NYMKYH Soxco ynramunall Manrkm Kalyyra apa-



KeTTeHHIIeT, 6. a. 6epujres JAeHradJIleI'n 3JIeKTPOHA0PAYH CIIMHACpHHIH
cyMMachl MAaKCUMaJIyy 0ojiyyra yMTyJar. MyHYH cefebU 9KH 3JIEKTPOH
6ap opbHUTAIAA KYPrOH/IOrY 3JIeKTP-CTATUKAJIBIK 63apa TYPTYJIYY KYUTOpY,
JKH 2JIeKTPOH 3KM opbuTayija 6up/eH alaHBII XYPrOHYHO KaparasHjaa
kom 60s10T. JleHraaJiierd 9HEPruAchl a3 OpOUTANABIH CaHbl KETHIICHS
6OJITOHAO 'aHa 2JIEKTPOHAOP aprachl3ZlaH KynTanliaT. MBIHA 9KH JJIeK-
TPOHAYY 6up OyJIyT naijga 60yyn, aHbIH CIMHI HOJITO bapabap OoJoOT.

ATOM, HOHJIOP KaHa MoJIeKyJiaJlapAbl H3HJIJI00HYH HaThIMKacbIHA
3HepreTHKaIbIK eHraaI49eslepArH 0ap/AblK opOMTaIaphl K YIITALIKAH 2Ke
KaJKbI 2JIeKTPOHAOP MEHEH TOJIOH abajjapbl TYPYKTYY abas 6oJiopy
aHBIKTAJIMaH.

['yHJ 9pe’KecHH. TYIIYHYY YUYYH, KOMYPTEK AaTOMyHVH TY3YJIYIIYHO
1522s%3p? TOMOHKY YU CXeMa Tyypa KeJIMeK /eIl aHaTU3/1eII KOPOJIy:

it AE K
D[4 2 4 3 [

282 2p° 2s? 2p? o8 20t
myypa amec myypa myypa amec

['yH/I operkecHHe bUIaHbIK OMPUHYHM JKaHa YIYHTY CXeMa/larsl dJIeK-

1 1
TPOHAOPAYH CIHHAEPUHUH aOCONIOTTYK CyMMaJIaphl (*‘ "2‘] +(' E’] = (),

2 2

re 23 6os10T. OIIOHAYKTAaH KOMYPTEeK aTOMYHYH TY3YJYIIYH 3KHHYH CXeMa
apKBLIYY CYPOTTOII KOPCOTYY TYYpa DoJIOT.

1 1
aJI SMH DKHHYH cxeMa boloHYa MaKCHMAJIAYY ("‘ — |+ |* 7| =1mMaaHH-

§ 5. J1. U. MenaeneeBIMH Me3rHJINK 3aKOHY KaHa
JNEMEeHTTeP/IUH MEe3rHJ/IMK CHCTeMacChbl

I1. . MeH/lesleeB a4YKaH Me3THJIIHK 3aKOH »KaHa aJI TY3I'OH 3JIeMEHT-
Tep/AH Me3THJIIUK CHCTEeMAacChl dJIeMeHTTepANH OUpUKMeJepUHUH Ianaa
607yy HIAPTTAapbhlH >KaHA KaCHeTTePHH HU3WJI/I06/6, 3aTTApAbIH HUKH
TY3YJIYIIY JKOHYH/IOTY OKYVHY aH/aH apbl 66p4YTYY/® UOH poJIb olHOAY,
XUMHUALA KaHbI JOOPAVH OalITaJbllIbl 00JIAY.

X UMUSUIBIK 2JIeMeHTTepAuH, ajlap/blH OMpHKMeJIepHHUH KaCHeTTe-
PUHUH Me3THJIANK 63TepYIIYH TepeH YarsLIAbIPBIN TYITYHAYPTroH OyJI 3a-
KOH 2JIeMEHTTEepAUH (PHU3NKA-XUMUAJIBIK KacueTTepH, aJap/blH aTOMY-
HYH TY3YJIYIIy >KOHYHJOrY HJIMMHH MaaJlbIMaTTapAbl HPETKE KeJITUPHII,
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a TYT'YJI sKaHbl OMPUKMeJIepANH KaCHeTTepUH aJl/IbIHAJIa auTyyra MYMKYH/IYK
Oepan.

- J1.A. MeHiejieeB 2JIeMEHTTepAHN cUcTeMara KeJTHPYYA® aTOMAYK
MaccaHbI HerM3 KbLIBII, 6aapbljjaH Myp/a oIIoJ Ke3e 6ejaruniryy 00Jrox
63 sJ1eMeHTTHH ap OMpPHH 63YHUYO KapTodyKaJjapra »Kasblll, ajJapAbl aTOM-
AVK MaccaJIapblHBIH YOHOMIOIIY OOI0HYa Y3TYJTYKCY3 KaTapra »au-
ramThIiprad. By rabauiiaEbl Kapal oTypyH, K32 OUp 3J1eMeHTTepAnH
aTOMAVK MaccaJIapblHBIH TYyypa 3MecC dKeHJHMIHH 6alKauT, K33 OHUp-
JepuH (MHCaAJIBI, HOJ) XUMHSJIBIK KaCHeTTepHHEe jKapallla KauramThl-
paT. DJeMeHTTepANH CHCTEeMAaChIHbIH OMPHHUYH BapHaHTBHIH 1869->KbI-
ael JI. . MeHJeneeB KOPYHYKTYY OKYMYIITyyJjapra »kubepull, aHJaH
KHIHH OPYC XUMHUSJIBIK KOOMYHVH 3acelaHMecHHJle OHIUDYY Kacaur.
J1. A. MeHlesleeBIMH MEe3THJIIUK 3aKOHYHYH HEIru3ru »K000JI0py TOMOH-
KYJIep 3Je:

1) aToMAYK MaccajapblHBIH YOHOIOMIY 000HYA KauJallThIPhUITaH
3JIeMeHTTep/IMH KachueTTepH Me3THJIIYY 63TepeT;

2) 3JIeMEHTTHH aTOM/IYK MacCachIHBIH 6J1YOMY aHbIH MYHO3YH aHbIK-
TAUT;

3) »KapaThUIBIIITA KOII TapaJIraH 3JIeMEHTTepANH aTOMAYK Maccalaphbl
KHAYMHe 00JIVII KacHeTTepH KeCKHWH 63repeT, 0yjap a3bIpKbl ME3rHJIINK Tab-
JIATIAarsl OMpUHYH Y4 Me3TIWIJUH dJIeMeHTTEepPH,

4) narel aypljia 3JeK, OeJrucu3 aJJeMeHTTepANH a4blIbIIIbl KYTYJIOT,

5) aJleMeHTTHH aHaJorjgopy 6ejaruiayy 60jco, aHbBIH aTOMIYK Macca-
ChIHBIH CaHABIK MAaaHUCHH TaKTall, OHA00I0 00JIOT;

6) as1eMeHTTepANHE aTOMAYK MaccaJapblHbIH €J196M/I6py O0ol0OHYA ajiap-
AbIH K33 OUp aHaJIOrJIOPYH adyyra 1mapT oap.

1869-xb115I sxkapelsyiadrad 1. M. MeHaeneeBAMH Me3TrHJIJIUK CHCTe-
MAacbIHBIH TabJaMIachIHAA OIIO0JI Ke3jle OeJIrucHu3 djieMeHTTepre 001l opyH
KaJTBIPBII KeTKeH. Mucasbl, 6apabIk Oeinruyiepu 600HYa KpeMHAN/IMH
acThIHAH OpPYH aJjla TypraH 3jeMeHT (A = 72) omoJs ybakTa 6eJarucus aje,
OLIOHAYVKTAH aJl OPYH/Y OOIIl KaJITHIPBII, aJl 3JIEeMEHTTH «3KaCHJIMIIMH»
Aen MIapTTYV aTal KOWroH. ByJl chIsKTYyy 00l OpyHAAP/BI OLII0J yOaKTa
auyblila 3JIeK OMp KaTrap 3jileMeHTTepre KaJjThbipbacTaH, alpbIM/IapbIHBIH
KacHeTTepHUH ajJIblHAJa aUTKaH: «3KaCHJIMIUII» — repMaHuil (A = 72),
«3Kabop» — ckaEAUM (A = 44), «3KaaJIOMHHHN» — rasutuil (A = 68).

Besrucua sjieMeHTTHH, MHUCaJIbl, FepMaHUHINH KaCHeTTepPUH aJI/IbIH
asa auTyy yuyH JI. 1. MeHe sieeB aHbIH 7KOropy ’KaHa TOMOH KarblH/Ia
KaWralnkaH KpeMHHUM MeHeH KaJjlail 9JleMeHTTepUHUH raHa aMec, ajap-
ABIH OH ’KaKTarsl ()ochop, MBIIILAK, CYPbMaHbIH »KaHa ajJap/lbIH OMPHUK-
MeJIepHHUH KaCcHeTTepHH acKe anraH. Kacuerrepu ajijiplHaNa auThlIraH
yu asieMeHTTH: 1875-xb1bl Jlekok jge Byaboapan (PpaHuus) raajiuu-
¥ — 3xaanroMuEANAA, 1879-kp1asl Jlapc Hunscon (IIIBenus) ckaHanH-
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am — sxabopay; 1896-xp1161 BuEKIEp (lepMaHus) repMaHANAIN — dKaACH-
aummiian ausin, J1. U. MenaeseeBANH ajjibIHAJIA alTKaH/lapblH TOJYK
pIpacTalllKaH.

J1. 1. MenaesieeB 03YHYH Me3THIIUK TaOJHIlachlH TY3YII XKaTKaH/[a
KOII 2JIeMeHTTEpAMH aTOM/AYK MaccajapblH TaKTall, 0Mp KaTapblHA OH-
7100 KUpruareH. MucaJbl, OlI10J Me3THJIAeT ! KaObIJI aJBIHTaH XPOM/IYH
JKOTOPKY OKCHIMHHH BaJEHTTYYJIYTYH OTeH 6ra oHJo0II, AaHbIH OEJIIHJIYY
9KBUBAJICHTH (3“_:8,66) 6oI0HYA Ka0OblLJ aJIbIHI'aH TYyypa aMec aTOMAYK
MaccachIHbIH (A, =9 - 8,66=43,30 M. a. 6.) opAiyHa XPOMAYH Tyypa aTOMAYK
MaccachlHBIH MaaHUCHH (A{.r=ﬁ-8,66:51,96 M.a.0.) kupruared. OII0H-
oI 2/l WHAMHANH 9KBUBaJeHTH 38,0 BaJEHTTYYIYTY 2, 1eMeK, aToOM-
VK Maccachl 77re 6apabap gen Kadblj aJbIHIaH, agaay 00Jco, ajJ MbI-
mbAK (A, =79) MeHeH CeJIeH/IHH (A,=T79) opToCcyHaH OPYH ajlyy KepeK
asie. BUpok MHAMIAMH KacHeTTepH MbIIIbAK MEHEH CeJeH/IMH KacueTTe-
pUHe TaKbIp KaKblH/[abaraHAbIKTaH, MHAMHANH KacueTTepUH KaupajlaH
Kapall YbITbIll, aHbIH BaJEHTTYYJIYTY 3KO 6apabap, ieMeK, aTOMAYK Mac-
cacel 114,8 m. a. 6. bapabap Aell TakTall, aHbl Me3TAIANK CUCTEMAaHBIH
11 rpynnacslHAarbl a3bIPKbI aJbIl TYPrad OpAyHa y)KauramTeipraH.

OmenTun Mmearmiaank 3axkon I[. M. MeHeneeBre Oup xarap 3JeMeHT-
Tep/ANH 23JlereH OpAYH, aTOMIYK MaccajlapblH KaHa KbIYKbLIITEK poroH4Ya
BAJICHTTYYJIYKTOPYH TAKTAIl OHAOOro MYMKYHJYK Oeprex (Be, Cl, V, Cr,
In, Th, La, U . 6.). MyHy MeHeH KaTap aj Oup Hede 31€MEHTTepPANH
KacHeTTepHH ajjibIHaJIa alThIIl, ajlapra Me3THJI/IUK cHcTeMa/la OpyH KaJl-
reipras (Sc, Ge, Ga, Te, Re, Po, Ra, Ac, Pa . 6.). bya ¢akTbeLIap
reguanayy okymymryy JI. M. MenjeneeB aukaH Me3rMJIJUK 3aKOH —
;KapaThUIBIIITHIH KOII 3aKOHYEHeM/1YYTYKTOPYH HYMHE KaMTbIraH Tabu-
IBIIT JKAJIIBI 3aKOH OKeHJUTHH JaJINJI/IeUT.

JI. 1. MenjteeeBAMH Me3rnJIHK 3aKOHY

KapaTbLIBIIITHIH KaJIlbl 3aKOHYH TYIOHAYPraH YJIyy UJIMMHUU a4bl-
ILIIITHIH HaThIikack! 6oaroH Mearmiauk 3akonro JI. . MenaeieeB o3y
MBbIH/IAll aHBIKTaMa DepreH: HoHoKou 3ammap AHana aaapdoti bupukKme-
JePUHUN Kacuemmepu 1emeHmmepoun amomoyK MaccanapblHbLH 0CyuLyHo
me3zzundyy keszkapandovtavticma boaom.

MearmjiauKk cucTemMajiarsl 9JeMeHTTepJAuH OpYH ajlyy HPEeTHH/IE 3a-
KOH/OH K22 0Up deTToosep O0ap aje. Mucaabl, aTOMAYK Maccachkl KUH9H-
paak boJico za J1. 1. MeHeneeB HUKEJIAH KOOAJIbTTaH KUUMHKHA OPYHIA
KOIOII, KoOaJIbTKa KaparaHjga HUKeJIIUH KaCHETTepH naJjuiafuyl MeHeH
[JIaTHHAra Koo0ypeoK OKIIOMITYI'VH KOPCOTKOH. OmoHI0M 3JI1e aTOMAYVK
MaccaJapbIHBIH OJIYOMYHO Kapama Teaayp (Z2 = 52) nonsoH (z = 33)
KUIMHKA OPVHIa KOIOJIMaK, OMPOK XMMHSJIBIK KaCHETTepUHUH OKIIIOII-
TYryHa jKapallla TeJUIYPAY KYKYPT MeHeH CeJIeHAMH, HOJUIy XJIOp MEHEH
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6poMAVH acThliHA sKaWramTeiprad. Jle acbll razlap ayplIraH/ial 12950585031
kasmiire (z = 19) kaparagaa aprogayH (z = 18) aToMIiyk Maccachbl YOHY-
paak sKeHAUTHHe KapabacTaH KacHeTTepuHe yKapalna KaJlHuil I A rpynna-
ra, aprox 0 rpynnara skairamreipsuirad. Omenrun JI. H. MeHiejeeB
©3YHYH TabJMIlachIH TY3YY/O KajaH 3Jie aTOMJAYH MacCacChlHBIH YOHOIO-
IyHA TagHOACTAH dJeMeHTTep/JAuH KacHeTTepHuHe jJa 63re4e KOHYJI 06JI-
reH. JKannepicblHaAH aJjJraHjga, 3JIeMEeHTTepAMH KaTap HOMepJIepMHHH
’KOTOPYJIO0 HPEeTH, aJap/blH aTOMYK MaccaJlapblHbIH YOHOIOIIYHA IIaH-
Kelll KeJeT. JJIeMeHTTepANH Me3rHJJIMK cUcTeMaja Kauramyy HpeTH,
6. a. II. 1. MeHe/leeBANH Me3THIANK 3aKOHYHYH TYyPaJbIl'bl — KHHHH-
yepasK Takpslitba >xkysyHzae 1913-:x. Mosnu 3aKOHY apKbLIYY AQJIHJI-
NeHH.

OmenTun, Mo3aHu 3aKOHY 3JeMeHTTep/IUH KaTap HoMepJiepHu »KOH
raHa KOIJIraH cagAap aMec, 6eiarmiyy 6up (u3HKaIbIK MaHbI3bI Dap 9KeH-
AATHH KOpcoTTY. ByJl 3aKOH Me3rWJJIMK CHUCTeMa/larbl 3jIeMeHTTepJAnH
HpeTHHHUH TYVPaJIbIIbIH, ajlap/blH KaTap HOMepJepy aTOMAYH UYKH CTPYK-
TypachlHa 6AMJIAaHBIITYY 9KeHAUTHH bIpacTa/bl.

ATOM 3JIEKTp KaKTaH HeHTpaJAyy cucTeMa OOJITOHAYKTAaH, aHBIH
OH ’KaHa Tepc 3aps/lapbIHBIH caHbl bapabap, 6. a. 6Up IPOTOHTIO (3aps-
nbl +1) 6Up 2JIeKTpoH (3apaAsl —1) Tyypa KeJer.

1920-%b11b1 YsABHK dKCIIEPUMEHTAJIIBIK MaTepHalap/AblH HEI'U3UH-
Je SAPOHYVH OH 3apsA/IbIHBIH ©JIY6MYH aHbIKTarad. TaObUIraH sAJpOHYH
3apsAAbl dJIeMEeHTTHH KaTap HoMepHHe abjaH ’KaKbIH 0Oyl YBIKKAaH.
OIIeHETHII aTOMAVH SAPOCYHVH 3apsAAbIHBIH 014eMY (IIPOTOH/IOP/YH CaHbl)
3KCIIepUMeHTTe JaJijleHreH/IeH TapThlll AAPOHYH 3aps/bl (Z) aTOMAYK
macca (A) CHIAKTYY 3Jle MaaHMJIYY KOHCTaHTa 00yl KaJabl. ATOMIAYH
TY3YJIYIIYH OasiHAarad MJIMMHUM aublIbIIITap/ad KHUHH a3bIPKBI yUyp/ia
MEe3THJIIAK 3aKOHI'0 TOMOHKY/16H aHbIKTaMa 0epHJIHII KYPOT:

DJeMeHTTep/IMH jKaHa ajlap/AblH OMPHKMeJIepMHUH (PU3NKAJIBIK, X1-
MUAJBIK KACHeTTePH 3JIEMEHTTHH SIPOCYHYH 3aps/IbIHa Me3riJyIYY Ko3Ka-
paHJABLIBIKTA 60JI0T.

II. 1. MeHzeseeB a4yKaH Me3TrMJIUK 3aKOHAYH MaHBISBIH TepeH
TYILIYHYY YYYH aHBIH CAaHJBIK TYIOHAYPMAachl — 3JIeMEHTTEePJAUH Me3TrHIIHK
TabJIMIACBHIHBIH (hopMyJIajiapbl MEHEH TaaHbIIIYY 3apbLIL.

DJIeMeHTTep/IMH Me3rMJJINK CHCTeMacChl

DJIeMeHTTepANH Me3TMJIUK cucTeMachIHbIH Tabnunackd [1. M. Men-
fejieeB TY3IOH/I0H OepH KOIl yOaKbIT 6TCO Aa aHbIH KOHCTPYKIIUACHI, HYKHU
MaHBI3bl ©3repbeil Keje kaTaT. AJI raHa 3MecC yjaaM KaHbl HIIMMHUHN a4bl-
JIBIIITAp ME3THJIINK CHCTeMaHbIH TYYpPaJbII'bIH JajluJIjiell, aHbl aHJaH
apbl 0aMbBITEIN KarTar. 1869-kpu1gan 60epku yOaKbIT HYMH/IE KOII OKY-
MYIITYVJIap Me3arwIAUK TabJIUIaHbIH ap KaHAal (popMaiapblH CYHYIII Kbl-

47



JBINTHI. BEPOK ayiap/iblH OMpH Aa baluTalKel Tabaunara OpuyHayy e3repyy
KHPru3e ajblnajgbl. Me3rmiIMK TabJIUIaHbl TY3YY4YJIOp dJIeMEHTTepH
KOHYC, IMJINHAP, NHpaMu/a 2kKe dalrka reoMeTPUAJIBIK (hurypajiapAblH
OeTHHe ap KaHJal uperTe CIIHpajlb, KOJIOM K. 0. TYPYH/O, »KaWUrauiThl-
DBIII KOPYIITY, OMPOK MaHbI3bl Oasirsl 3j1€ 00M/J0H KaJI/BL. CaaslIThIpyy
MpeTHH/e Me3rHJIINK TabJIuIaHbIH K39 OUp (hopMaapblH KATENTHH Oa-
[MIBIH/IA KAaHa afATrbIHAA KeJTUPAUK. Me3rmjIIuK CUCTeMaHbIH Y3YH Me3-
rUJIYY BapHaHTTapblHAA S-, P-, d-, f-2J1eMeHTTep/iHH OapAbIrbl TabJINIA-
Ja ©3[0PYHe THelleslyy OPYHAAapbIH 93JIell, 3JIeMeHTTepP/IuH KacHeTTepH-
HUH Me3THJI/INK ©3TrOPYIIYH a4blK KOPCOTYII TYpraibl MEHEH MbIHZIaU Y3VH
TabJIHIaHbl DalajlaHyy 6Te bIHIauChI3.

V3yH Mearuilyy Tabauiara Kaparagia KbICKa Me3riiIayy TabJIuIa
aJiza KaHYa KOMIIAKTTYY 2KaHa [ailaJanyyra oHo! 00JIrOHAYKTaH aHbIH
TY3YJIYIIYHO TOKTOJIO KeTesu. By rabaunaza rpynnazapra [-VIII nud-
pajnap KowJraH (¢popaanTsl Kaparsuia).

I1. 1. MeHnjiejieeB Me3rWJIJIUK CUCTEMaHBbl TY3T'OH ybaKTa MHEpPTTYY
razzap GeJarucus sjie, ajap adblIraHaH KUMMH OallKka dJ1eMeHTTep MeHeH
GUpHKMe Iaija KbUIbaranApIrblHa 0aNIaHBIIITYY BAJEHTTYYJIYTY HOJITO
fapabap nen «0» rpynnachlHa YKaUralIThIPbIIIKaH. [enniiien OamIKachl-
HbIH DaapbIHBIH ChIPTKBI 3JIEKTPOHAYVK KaTMapblHA 8 astekTpoH (ns? np°)
DoJI0T.

Mesrmwiauk Tabsauia 60oHYa Heru3ru TYIIYHYKTOPr® TOKTOIYII OTOJIY:

I'pynnangap. Coipmiol 6a1eHMMUK INeKMPOHOOPYHYH CAHBLHA MYY-
pa Keazen aaeMeHmmepour muk Kamapsl rpynna Jem aTajlar. I'pynnaga
KacHeTTepH OKIIIODOroH 3jIeMeHTTep Jia 00IyIy MYMKYH. Mucasnsi, VI rpymn-
nagarsl KYKYpT MeHeH xpomay, VII rpynnazars! Xjop MEHEH MapraienTa
aJIcak, KYKYPT MeHeH XJIOp THITYY MeTajll aMecTep MeTajljlap MeHEeH
Ty3aap/Abl naiiga keuiat. OKCcuAIlepuHUH CYy/arsl 9puTMeIepu KYqTYY KHC-
stoTasiap bosyIr acenTeseT. AJl 9MHA XpOM MeHEeH MapraHeil] DoJico MmeTaJll-
1ap, MeTaJLJl aMecTep MeHeH Ty3/lap/ibl Iai/la KbLIaT, CYYAarsl apuTmesie-
pUHJIEe OH MOHJIOP TYPYH/® JKYPOT. AJIapABIH KOI'OPKY OKCHZICPHHUH CYy-
Jarsl 3pUTMeJIepd KHCJIoTajlap, aj O9MH TOMOHKY OKCHAJEepH HEru3/ep
6oJIyI acenTesumier. ['pynna MeHeH KaTrap, dJIeMeHTTepAXH 6T6 OKIIONI
KaCHeTTepHH TepeHUpPIdK OMPHUKTUPreH IMOArpynna JereH TYIIYHYK aKbl-
PBIH/IBIK MEHEeH TaKTaJIbIII OTYPAY.

[Todzpynna amomOOpYHYH INEeKMPOHIYK My3yayuLy OKULOUL, demek,
HCAATLBL XUMUAIBLK KACUemmepu A aKolH saemernmmepoiut mooy.

[Toarpynnajap 3 Kareropusra: 0auiKvl, KOWYMLa KaHa CHCTEMA-
HBIH ACTBHIHA JKANTAIITHIPUITAH JAHMAHOUd, aKkmuHouddep 60IyII OeIYHOT.
[ s)xana 1l rpynnanaapaa 6amksel HOArpyInajlapAblH 3JIEMEHTTEPH (IA,II
A) coJiro XbUIABIPBLIBIN, KONIyMYa HoArpynnajapaarsuiap (I B, II B)
oHro, aix amu III-VIII rpynnaiapia, TeckepucuHYe, 6alIKpl HOATPYIIIA-
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sapabid anemeHTTepH (III A—VIII A) oHro, Komrym4a noAarpyunnajzapaarsl-
sap (III B—VIII B) cosiro »XbU11BIPbUIBII dKaUrallThIPbLUITaH.

Bawkvt nodzpynnarapoa 3jieMeHTTep/INH CaHbl Koll, y3yH 6oji0T. by
OATPYIIIAHBI fallITarad ajieMeHTTep 9KHHYM Me3TJlJIeH OpyH ajraf. bap-
naeirsl 6osyn 8 6amkel noarpynna 6ap, axap I A-VIII A MeHeH beJIrnjes-
red. ByJiap/ibIH ©3re490JIyIy — aKbIPKbI 3JIEKTPOHA0PY MPETH MEHEeH aTOM-
JAOPYHVH 9H CHIPTKBI 9HEpPreTHKaJIbIK KaTMapJjapblHBIH S- 3KaHa p-opOu-
TajIfapbIH/A JKalramar ja, ajapAblH 0apAbIrsl BAJIEHTTHK 3JIEKTPOH/IOP
fosrynl acenTesierT.

Kowymva nodzpynnanap Kpicka 60JIy1, 3J1eMeHTTepUHUH CaHbl Dalll-
Kbl IOATrpYIIIIajiapra Kaparagja a3dbipaak 6oJsioT. Ajiap/sl bamraras aJe-
MeHTTep 4-Me3rmieH opyH aislnkad. Komymua noarpynnanapra I B—
VIII B nudpanapsl Kooaras. AjapAblH 6apAbIrsl A39PJIMK MeTaiap 0o-
JIYII 3cenTesieT. By ajleMeHTTepAAuH 03re4YeJIyry, ajap/blH aKbIPDKbI JJIeK-
TPOHOPY aTOMAYH 3H ChIPTKbI KaTMapJjlapblHa KauramnacTaH, CbIpThIHaH
HYMH KO3JI0il acenTereHjie 9KMHYM KaTMapjapblHbIH d-opbuTajiiapblHal
opyH airas. d-asemerrrepaus 11 B, III B, komymua noarpynmnajgas dam-
KaChIHBIH Dap/bIrsl 63ropMe BaJIEHTTYYJIYKTY KepceTeT, cebebu peakIius
yaypyH/a OyaapabiH d-2JIeKTPOHI0PY XUMHUIIbIK DallylaHbIIII ITal/ia KbUIyyTa
KaThIIIIaT, TOMOHKY OKCHJIepA HErH3JUK, ajl 9MHU KOTOPKY OKCHJUIepH
KHCJIOTAJIBIK KacHeTTepAx KopcoToT. OMIOHAYVKTAH d-3JIeMeHTTep/AN 6mmo
anemMenmmep Jlell aTauiar.

IKUHYUIUK KowyMmya nodzpynnaaap 3H KbIcka 6osiyn 6-MesruiijieH
fpamrasat. Byjap/ibIH 03re4es1yry akbIpKEI 3JIeKTPOH/I0PY ajlap/iblH aTOM-
JOPYHYH 3H CBIPTKBI KBAHTTHIK KaTMapblHAH HYUH KO3/I0U JcelITereH/je
3-neHraaaauH f-opburansiHaH opyH ajrad. Kacuerrepu oTo OKIIONUI OY.JI
f-asreMeHTTEpAN aaHmaHnouddep KaHa akmuHouddep, KAJIIb] dJIe ULKU
emme 3aemenmmep jAen aramar, TabJHIaHBIH ajJJibIHA ©3YHYO Doy
»KauralThbIpbIlIaT.

JKoropyaa aiTeLIraHIap/ibl TaJIaragjia ap 6up Ky cad MeHeH Oailil-
TajJITaH MEe3TWJIJIe dJIeMeHTTEep/INH oArpynnajapbIHbIH KaHbl KaTeropHusichl
KOIIIYJIYII 2KaTKaHAbITEl OalikasaT. [lemek, srepjie 8-Me3ruIiUuH 3JIeMEHTTe-
PH CHHTe3/leJIce, YYYHUYJIYK KOLIyM4a IoArpyInaubeiH 18 ajreMeHTH (g-371€-
MEHTTep) KOILIYJIVI, Me3IWI/Ierd JIeMeHTTepAUH caHbl 00re »KeTvek.

Mesruiep

© Tunmyy wenoumyy memanndapoan 6auLmanvin, munmyy memann
amecmep MeHeH AAKmMan, uHepmmyy 2a3 menen GymKon snemenmmepoun
my3 Kkamapbt Me3ruJI Jell aTajar.

MearmwijiepinH OMpUHYHY Y400 OUp KaTap/ad TYPYIl, KUYUHE Me32UT-
dep, KaJIraHJlaphl 9KU KaTap/laH TYpPYI, YOH Me3zuadep jien aTaar.
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Mearuiepieru aJieMeHTTepANH CaHbl TOMOHKY/10H 63T6poT:
1-mearmage 2; 2- xaHa 3-mesrmije 8; 4-, 9-mesruije 18, an smu
6-Mearmie 32, 6yrneren 7-Mesrmije fa 32 aJIeMeHT 00JIyIly Kepek.

MBbIH/JIaH TOMOHKY KOPYTYHAYJIAp KeJHuII YbIraT:

1. Tabiumaza Me3rmJ KaHYaJIbIK TOMOH JKauramica, OIIOHYOJIYK
y3yH 6Gosior, 6. a. yjJaM KUUMHKH Me3THJIAErd dJIeMEeHTTEpAHH CaHBbI
Ke0euyI oTypar.

2. DaemermmepOun carbl 6updeil, HaAHAWLA HAUZAUKAH IKU Me3:
»un duada den amanam. Ancax, II, III mearungepae — 8; IV, V Mesru-
nepae — 18; VI, VII mearuiziepsie — 32 3J1eMeHT bap.

3. 8, 18, 32 HaTypaJJbIK CaHAAp/blH KaTapPBIHBIH dKH JCEJEHICH
KBaJpaTTapbl 6onyn acenresuer: 2 -12=2; 2 22=8:2-32=18; 2-4°=32;
2 -52= 50 x. 6. [leMek, ap Oup Auazajgarsl 3JleMeHTTepANH CAHbI KBAHT-
THIK JeHI23JIre 6aTa TypraH 3JeKTPOHJAOPAYH MaKCHMaJAyy CAHbIHA —
2n’ka 6apabap.

4. Ap 6up »kaHbl Me3THJI/Ie KaHbI 3JIEKTPOHAYK KaTMap 3JIEKTPOH-
A0p MeHeH TOJTYPYJyIH, ap 6up KyIl cCaH MEeHeH fammTajiraH Me3rujje
3JleMeHTTepAUH KaHbl ToOY (p-, d-, f- 7. 6.) KoIIyJIyI OTypar.

Karnait 6oxrosgo ga 1. 1. MenjesieeB TY3r6H TabJIHUIaHbIH QYyHIA-
MeHTH 03repbecToH, KMMUHKYA MIMMHUM aublIBIIITAD aHBIH TYYPAaJIbITbIH
pIpacTall, 3KCIIepUMEHTAJABIK AaJuJiiep MEHEeH bexeMlell KeJje JKaTar.
DeMeHTTepANH KaHa ajapAblH OMpUKMeJepUHUH KaCHEeTTePHHUH ME3-

MAJIIAK ©3TOPYIIYH TepeH 3/6IITYPYY Y4YH OMp KaTap KaHbl TYIIYHYKTOP
MeHeH TAaHBIIIYY TajdalKa bUIaUbIKTYy. AJjlap aTOMIYH 6J1496MY, HOH/0-
[IVY NOTeHIINAIbI, aTOMIYH 3JIEKTPOHT'0 KAKBIH/ABITBI (TEeKTeIITUTH), TEPC
37IeKTPIYYJIYTY, OKHCTEeHYY Aapaskacsl XK. 0.

ATOM/IVH HOH/IOLIYY 9HEePIrUusacChI
KaHa JIEKTPOHI0 TeKTeIITHIH

X UMHUSUIBIK 3JIeMeHTTepANH KacueTTepy aTOMAYH ChIPTKBI 9HEepPrusi-
JIBIK JIEHI'93JIMHAer 3JIEKTPOHIOPAYH CaAHbIHA KaHa abajibIHA KO3KapaH-
b, AaHTKEeHH aJI 3JIeKTPOHAODP 3JeMeHTTepAUH aTOMAOPYHYH 63apa apa-
KeTTeHYY IIPOIlecCHH/Ie KaHbl XUMHUAJIBIK OalyIaHbIIITaP/ABI namia Kpuiyyra
KaTBIIIBIIIAT. JDJIEeKTPOHJAOPAYH aTOMJOI'y 3HepreTHuKaJbIK abaJyiiapblH
MYHO3/I6TOH MaaHWJIYYy IIapaMeTrpjep — aTOMAYH WOHOOWYY 3Hep2UuUsCchL
MeHeH 36 KmpPOH20 mexmewmuzu, cebedbn ajap aTOMAYH 3J€KTPOHAOPYH
Gepyy »Ke KOIIYI alyy »KOHAOMJYYJIYTYHYH CaHABIK KOPCOTKYTY boayn
JcerTeJserT.

a3 abasbIHAATHI 3JIeKTD KaKTaH HeHTpajayy aTOMAYH AAPOCY Me-
HeH OTO Hayap O0aMJIaHBIIIKAH 3H CHIPTKLI 3JIEKTPOHYH TapPTHII aJIbI,
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OH MOHTO0 alJIaHABIPpYYra »KyYMIIaJTraH 3Heprus aTOMAYH woHdouLyy amnep-
2uscChl, aJl 9MH IMOTEHIIHAJ UOHJOWYY nameHyuaibl Aell aTajar.

MoH10myy 3Heprusichbl »Ke HOHJIOLIYY IIOTeHI[HaJIbl aTOMIOI'Y 3JIEK-
TPOHAVH SAPO0 MeHeH 0aijlaHbIIIbIHbIH OeKeMAUIHHUH YeHH O0JIYII dcell-
TeJINII, 2JIeKTPOH-BOJBT MeHeH TyloHaypyJaar: 1aB = 1,602 - 107" o,
xe 3,827 - 107%° kaxn. Uoraomyy DOTeHIIMAJapblH 3KCIepuMeHTa/IblIK
AaHBIKTOOHVH OMp KaTap bIKMaJapbl OeJIruIIyy.

Horomyy aHEeprusicblHbIH CaHJIbIK MaaHUJIepHU aTOMAVH paJguycy
MeHeH SI/IPOHVH 3aps/iblHa »Kapauia 6oJior. bepuiirer aToMAyH yjiaM KHH-
MHKH 3JIEKTPOHYH TapThIII ajJIyyra sKyMIIaJIl'aH 9Heprusa Kebeuyn oTypar,
cebebm OMp KarblHAH SAAPOHVH 2((heKTUBAYY 3apAAbl YOHOMCO, 9KUHYHU
»KarbIHaH aTOMJIVK pajinycrapsl KHunpeer. Mucasnsl, I A rpynnaHbIH aJ1e-
menTrepuHae (Li, Na, K, Rb, Cs) 6upnHYHM KaHa 9KUHYHA JIEKTPOHI0OPAY
aTOMJIOH TapThII ajlyyra »KyMurajaras saHeprusaapAbld (11 meren I2) op-
TOCYHJlarsl abipMa abJaH 4OH.

Alanmer anrasga, Me3ruiriep/ie CoJJ0H OHIo Kapaul aTOMAOPAYH HOH-
JIOIIYVY 3HEPruschl KOropyJiall, aTOMAYK paJlycTapbl KUUYUPeNHuIl, ajl 9MHU
SIIPOJIOPAVH 3hheKTUBAYY 3apAaAapbl YOHOIOII OTypar.

8 3JIEeKTPOHAVY ZIeHraaJre Kaparagjaa 18, aggag 32 2JIeKTPOHAVY
NEeHI33JIUH SAPOCYHYH ahdheKTUBAYY 3apA/IbIHBIH TaaCUPH YOH 00JIOT.
KenTupuaren uperre 3JeMeHTTepAUH paJIHyCcTapbIHbIH 6JIYOMY OTO Kall
©3repyll, aj aMH f-ajreMeHTTEpAe aJl paguycTap KHYNpeureHAUKTeH (J1aH-
TaHOMJINK KBICBLIVY), 6-Me3rmiiuH d-3/IeMeHTTepUHHUH HOHJ0IIYY (2Hep-
rusigapsl) NoTeHIHaaAapsl 4-KaHa d-Me3THJIiepJAerd 3JIeMeHTTepAUKHU-
HeH »koropy 60JIoT.

I'a3 abanpIEAArsl HeUTpPaJAVy aToM OHUpP 3JIEKTPOHAY KOULIYII aJIbIII,
Tepc MOHTO alyiaHraHjia O6JIYHIOH Ke CHMHHUPUJIreH 2HEeprusiHblH CaHbI
aTOMJIVH 3JIEKTPOHT0 mekmewmuzu ( #earkwviidoeeovt ) (E) gemr arasar.

Honomyy 3Heprusichbl ChIAKTVY 3JIe aTOMIVH 3JIEKTPOHI'O TeKTelll-
TUI'H QTOMIVH paJIHyCYHa »KaHa SAAPpoHVH 3(hheKTUBAYY 3apAAblHA KO3Ka-
paHAbI 00JI0T, 3JIEKTPOH-BOJILT (3B) MeHeH TYIOHAYpYyJarT.

Mearunaep/e CoJIIOH OHI'o Kapay 3JIeMeHTTepAHH pajluycTapbl KH-
YHUpEeHnHnIl, AAPOHVH QG eKTHUBYY 3apAAbl KOOOUTOHAYKTOH aTOM/IVH dJIeK-
TPOHI'O TEKTEIITUI'H »KOTrOpPyJIAlT, aJl 3MHU I'pylnliajap/a >KOropToOH TOMOH
aTOMAVH 3JIEKTPOHI'O TEeKTeIITHUIH azadAT. DbyJj »kajlmnbl 3aKOHYEHEeM-
IYYJIYKTOPZI6H K33 OMp YeTToeJoep balkaJar.

ATOMJIVH HOHJIOIIYY 3HEPrusichbl MEHEH 3JIEeKTPOHI'0 TeKTEeIITHTH dJIe-
MEHTTHH peaKIUAra KUpYY »KOHAOMAYYJIYTYH MYHO3/I0UT. Jrepje UoHJ0-
[IIYY 9HEPrusichl a3 3JIeMeHT MeHeH 2JIEeKTPOHI'0 TeKTEeIITHUI'H KOIl dJIeMeHT
apakeTTeHHUIIce, OUPH-OMPHU MEHEeH OTO KeHUJI peaKIINsJIallbIll TYPYKTYY
OMpUKMEHH Naijia KbUlaT. JJIeMeHTTeP/ANH KacCueTTepUH KeHUPHU MYHO3/100

Tepc JIEKTPIIYYJIYK Jell aTajJiraH HIapTTYV HIKajJaHbl KOJJAOHYY BIHIailyy.
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JJIeMEeHTTHH TepC JIeKTPIYYIYTY

ATOMAVH KOJIOMY, HOHJIOIIYY JHEPrUsChl, dJIeKTPOHI'0 TEKTEIITHIH,
SIPOHYH 2h(EKTUBJYY 3aps/ibl, KaTap HOMEpH K. 6. haxkTOpJI0P DJIEMEHT-
THH KacHeTTepHH ajiJIblHajla auTyyra MYMKYHAYK bepepHH Koropyzaa
KODAYK, OMPOK HIII »KY3YH/I0 aTajraH Dap/AbIK (haKkTOPJIOPAY ICKe ANYy
abnaf KpliiblH. OMIOHAYKTAH DJIEMEHTTHH XHMHUSAJIBIK KAaCHETTCPAH al-
AbIHAJA aWThIIl, ajapAbl TYIIYHAYPYY YIYH mepc dAeKmpayyi yremy (TI)
KOJIJIOHVY BIHIaWIyy.

Daemenmmun mepc anexmpayyayzy (T9) den, anvth amomoIopyHyH
anexmpondy 03yHe mapmoin Kkapman mypyy Hcondomoyyayzyn aiumabot3.
TO Tak aHbIKTAJraH (PU3UKAJIBIK KOHCTAHTa dMeEC. AJ1 aTOMJIVH 3JIeK-
TPOH/Y KapMall TYPYY KOHJAOM/YYIYTYH KOPCOTKOH 3JICMCHTTHH caJIbIIl-
THIPMa MYHO3710Mecy 00JIyIl 3celnTeserT. Jlemek, Gepuires ajieMeHTTHH T
ATOMJ/IYK MAacCAHBIH IIKAaJAachl CHIAKTYY, OalllKa 3JIeMEHTTep/IuH T ca-
JBIITHIPMAJIYY aHBIKTAJAT, aHBIH OMp Hede HIKaJIAChI (ITosmaarauH, MR-
mukenauH, Oiapen-PoxoBayH #x.6.) 6ap.

KenTupujired MaajJbIMaTTap 3JeMeHTTepAnH TS Mearuageppe coj-
JIOH OHI'0 Kapail Ke0enyn, 2JleMeHTTHH JIEKTPOHAY KOUIYIL aJIbII aHUOH-
1y maiia KeIYyy KOHAOMYYIYTY, 0. a. MEeTaJUIBIK KaCHEeTTEpH Ha4dap-
JIall, MeTaJlJl 9MEeCTUK KacHueTTepH OCKOHYH basgHEAauT. AJ 3MU rpynna-
napaa (I A — VII A) :xoropy/Ziad TOMOH kapai aseMeHTTHH TO aszaibll,
3/IeKTPOHYH OepUIl KATHOH Nau/a KbLIYY HKOHAOMAYYIYTY AKE MeTaJLI-
NbIK KaCHeTTepH: Kyduell, MeTajlj 9MeCTHK KacueTTepH HadapJjall oTy-
pat. TO sneMeHTTepAMH OHp KaTap KaCHEeTTePUH aJ/bIHATIA auryyra
MYMKYHAYK 6eper. Mucajbl, 03apa apakeTTelIKeH aTOMAOPAYH (A xaHa
B) TOHYH caH/IbIK MaaHWJIEepHHJerd albIpMa a3 foJico GalJIaHBIIITHIH
VIOJJIYYJIYTY OCYIl, HOHAYK CajIbIMBbI faiikasaT, aiblpMa ablaH 4oH 00JI-
co, HOHAYK OMpHKMesep maiaa 6osor. Mucaisl, 0,, NO, HgO, BaO
MoJIeKy lajapbIHarsl djeMeHTTepArH TOHYH CaHABIK MaaHHJICpHHACTH
aMbIpMasiap/lbl CajbIIITHIPBII KOPOJIY:

™ .=3,50—-3,5=0023B; ™. =3,5-3,0=0,53B;

(O5) (NO)

T, = 3,5 — 1,0 = 1,6 oB; T3y, = 3,5 — 0,9 = 2,6 3B.

Muiapan, 0,, NO, HgO xana BaO uperu 600OHYA YIOJICY3 MOJIEKY-
apajgas O,, VIOaJyy MojleKyJara NO, anjaH noHAYK bupukmere BaO orynn
»KaTKaHABITBI KOPYHYII Typar.

DJIeMeHTTep/AMH KaCHeTTepUHHUH Me3TrHJUIYY 03ropyury

Me3rwIIiK CHCTeMaHbIH 9H COHYH O3T0490JYKTOPYHYH OupH aHbIH
skapAaMbl MEHEH dJIeMEeHTTHH BaJeHTTYYIYI'YH, IeMeK, JJIeMEHTTH 7KaHa
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aHBIH OMPHKMeJepHHUH KacHeTTepHH ajjiblHaja auTyyra oosor. I-1IV
rpynnajapAblE dJieMeHTTepH HerusmueH 1, 2, 3, 4kxe bapabap boJiron
OKHCTEHYY Jlapakajapbl MeHeH MyHo3/1010T. Kajran bap/iblk 2JIeMEHTTEP
rpynnagsia HoMepuHe 6apabap OKMCTEHYY laparkKajlapblH KOPCOTKOHY Me-
HeH aHAaH deTTeesiopy ken 6osor. Mucansl, IV, V, VI, VII, VIII noxa-
rpynnanapabie agevestrepu: Ti, V, Cr, Mn, Fe, Co, N1 anran opayHa
»xoonn GepreH OmpHKMeslep/ieH Oalllka TOMOHKY OKMCTEHYY JapaXKaHbl
KOPCOTKOH OMpUKMeJIepH /1a Kol KesJlelneT. JIaHTaHOM//Iep MEHeH aKTH-
somuep 111 rpynnasslH MeTaJu1apbl 60JIrOHY MeHeH +3 OKHMCTeHYY /lapa-
skachIHAH OalIKa JIa OKACTeHYY JlaparkasiapblH KOPCOTKOH OMpHUKMeJiep/n
naina kepuiar. Omonrjgoi e VII rpynnadsld ajleMeHTTEepH rajores/iep-
JIMH OKHACTEHYY AlapakaJyiapsl +7ieH —1re 4eiinH e3ropor, VI rpynnasbiy
anemenTrepuEnHE O, S, Se, Te okucTeHYY Aapakajapel +6aan —2re, ai
aMu IV rpynnasblH 3JIeMEHTTEePUHUH MYHO3/lYY OKHCTEHYY Jlaparkajlaphl
+4TOH —4K6 YeMHH 03roporT.

JjIeMEHTTepANH XUMHUSIIBIK KaCHeTTepHHNH HYNHEH OKUCTEeHIMPIrid-
KaJIbIObIHA KeJITUPIrHdY KacHeTTepHH Tajjlall KOPCOK, Me3rujjepje coJ-
JIOH OHI'0 Kapayl KajblOblHAa KeJTHPrHY KacHeTTepH a3aublll, OKHUCTEH-
AAPruyd KacuerTepu KoboHreHyH 6aiikaibpi3. KaH4yaiabIk TO enxyemy a3
60J1CO, OIIOHYOJIVK aJl JIeMEeHT KY4TYY KaIbIObIHA KeJITHPrud (I11ejI0uTyy
MeTaJLIAap), Teckepucuuade TO e9oMy KaHUYaIbIK 40H 0o0Jjico (rajores-
Ziep) OIIOHYOJIYK KYYTYY OKMCTEeHAUPIHY H0JIOT.

XAMHASAIBIK 3JIeMeHTTep/IMH OKCH/l, THAPOKCH/JIEPUHUH KacHeTTepH
Na Me3THJIAYY 03ropoeT. Ap OMp Me3rwI/IMH 3JIeMEHTTepH KBI[YKBUITEK Me-
HeH 320 noH 6amran 3,0, 30, popmyIiacblHa KOOI OepreH oKCcCHAepaHx
naiaa kpuiblmnar. OkcHiepAid Naijia KbUJINaH 3JJeMEeHTTep/AUH OKHUCTCHYY
Japakajiapbl YOHOMI'OH CaWbIH, ajlap/blH MYHO3Y HEI'M3/IMK KacHeTTep/ieH
aMdoTepIUK KacHeTTepre oTYIl, aH/[aH apbl aJIJap/IbIH KACJIOTAJIBIK KacueT-
Tepu KoDOHOT.

ORCHH Xazo Mg‘O A].203 5102 P205 SO;{ CIZOT

OkucreHyy +1 +2 +3 +4 +5 +6 +7
Jlapaxachbl

FHHPOKCHII NaOH Mg(OH)z AI(OH):; H4Sl‘04 H;;PO.I HgSO’4 IiCqu

'mapoxkcua- |mesodb| Heru3 |aMdosuT| Hadap | OpPTO | KYYTYY | KYUTYY
JINH MYHO3Y H,AlO, KHCJIOTa| KY4TYY |KHCJIOTa|KMCJIOTa

KHCJIOTa

Byl 6MpuKMesIep/iIiHE HerH3/IUK, aM§OTePAUK Ke KHUCIOTAIbIK MY-

HO3/10pY D0pbopAVK MOHJIVH 3apsA/IbIHBIH OJIMOMYHO YKaHa paJInyCyHa KO3Ka-
paHasl 6oJ10T.
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Jlemek, ap OMp Me3rHMJ KYYTYY Herus Iamnja KblLIraH 3J€MeHTTeH
GamITaabIl, KYYTYY KHCJIOTA I1aiijia KbUIraH dJIeMeHT MEHEH asKTauT.

d-pyieMeHTTepAMH OKCHIJepUHMAH KaHa I'HAPOKCHA/ICPUHAH MYHO3Y
la DJeMEeHTTHH OKHUCTeHYY JlaparkachlHa KO3KapaH/bl 00JIOT. Mucaisl,
MnO mened Mn,O, Heru3/iuk Mn(OH),, Mn(OH),, MnO, am@oTepaAnK
Mn(OH),, xxe H,MnO,, an oMH MnO, meser Mn,0, KHCJIOTAJIBIK KaCHeT-
TepAX KOpcoTYIIOT. BUp ase rpynnajarsl 3J1eMeHTTEpANH OKCHAAECPH
MeHeH I'MPOKCH/IIepUHNH MYHO3YHYH ©3rOpYIIY oopboOpAYK aTOM/IVH pa-
AMyCVHA Ke3kapaH bl 6os0T. Bamksel noarpynnaizapia (s-, p-2JeMeHT-
Tep) KOropyJlaH TOMOH Kapal aTOMAYK paJuyCTaphl YOHOMUTIOHAYVKTaH
3JIeMeHTTHH OKCHUIePHHUH KaHa I'MIPOKCHIICPUHAH HEr'H3/INK KacHeT-
TepH KY4YeIl, KMCJIOTaJbIK KacHeTTepH a3ablll OTypar. Hdannel aaraH-
1a, Me3Twijiep MeHeH rpynnajap 60oHYa 3jIeMeHTTepANH M'IIPOKCHIePH-
HUH KacueTrepu TeMmeHKyzneit earepet: I A, II A moarpynmajgapAblH
anemeHTTepu Hernszep; 111 A moarpynnazga paguycy KUYUHeKel OopAyH
PHPOKCHAM Hayap KHUCJIOTa, ATIOMUHAM, rajjinid, HHAUUUE I'HPOK-
cuiepH aM(OJIUTTep, TAJUIMHIAHE paguycy YoH OOJITOHAYKTAaH I'HAPOKCH/IN
HerM3IMK KacueTrrepre 23. IV A rpynnacelHZa pajguycTapbl KHYHHE
KOMYPTeK MeHeH KpeMHUIINH I'MAPOKCH/IIepU KUCJIOTAIBIK, a1 9MH I'ep-
MaHUI, KaJal, KOProlllyHAYH T'MAPOKCHIepH aM(pOoTepANK KacueTke
93. Kanraa V A, VI A, VII A rpynnajnap/iblH 3JIeMEeHTTepHHHAH I'HJIDOK-
CHAJlepH — KHUcJIoTajlap. YIIYJ ChIAKTYY 3Jie KacueTTepAUH Me3T MK
©3TepYIIY 9JeMeHTTepAUH CYYTeK, rajJoresjep . 0. sJleMeHTTep MeHeH
OUpUKMeJIepuHe DanKaar.

Me3ruJyIMK 3aKOH/IYH MaaHHCH

Me3TrHIAUK 3aKOH KaHa Me3THJIUK CHCTeMaHbIH (HUIOCOMUAIBIK
yoH MaaHHUCH 6ap, aJI 6apAbIK 3J1eMeHTTep/Au OUPAUKTYY MaTepHusi KaTaphl
Kapaur.

I1. 1. MeH/ies1eeB ©3YHYH ME3THJIAMK 3aKOHYH ad4blll, 3J€eMEHTTEp-
AUH Me3THJIJIMK CHCTeMachblH TY3IOH/©® aTOMAVH KYPaM/bIK DOJIYKTOPY
YKOHYH/O MaaJIbIMar Kok ajte. OnIoH/[0# 60JICO arsl 971eMEeHTTePANH Oup-
AUKTYYJIYTY KOHYHJOrY 3akoH4YeHeMAYYaYKTY [I.H. MeHejsieeB Me3TrnJl-
UK CHCTeMa TY3YY/l0 HerH3 KbUIBIN ajiraH. Ap OMp XUMHUAJBIK 3JI€MEHT
©3YHO TaaHABIK (DU3UKa-XUMHUSAJIBIK KOHCTAHTAJIap MEHEeH MYHO3/10JI0T.
DJIeMeHTTep/IMH 7KaHa ajlap/blH OMpHKMeJIepUHUH KOII TYPAYYIYTYHO Ka-
pabacran, J[. 1. MeH/jejleeB OKLIOUI 3JeMEeHTTepAX O63YHY6 TONTOI,
aJlap/blH MYMHEH KacueTTepH 000HYA KeCKHH albIpMaJIaHTraH dJIeMeHT-
Tep/li CaJBIIITHIPHIN (IHeJo4YTYy MeTajljIfap ’KaHa rajioresziep) Ke-
pYII, MEe3rHJIAHK TabauIaHbIH ONPHUHYH YJITYCYH ajraH. KacuerrepuHUH
afipIpMachl asblpaak 3JIeMeHTTepAX ajapAblH OPTOCYHA ;KaurauThIp-
rag. J1. 1. MeHeJleeBAUH Me3TWJIIUK CUCTEMAChIH/la KAaCHETTepH D0I0H-
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ya KeCKHH ailbipMaJIaHTaH OH »KaHa Tepc JJIeKTPJIYY dJIeMeHTTepANH
OpPYVH ajblIbl KapaMa-KapIIblJIBIKTapblH, OKHCTEHYY-KaJbIObIHA KeJlYyY
IponeccTepHHUH OMPAUKTYYJIYTYH KOPCOTOT.

DJleMeHTTepANH ME3IrHJIIMK CHCTeMachlH/la CaH/IaH calaTKa eTYY 3a-
KOHYV Jla a4blK-aMKbIH OalikasaT. Mucajbl, 3JIeMEHTTUH AApPOCYyHAa yjIaM
6Up IIPOTOH KOIIYJTraH/Ja KaHbl 3JIeMeHTTHH SApocy, aHbl MEHEeH KaTap
6GHp 2JeKTPOH KOIIYJYI, aHBIH aToMy Iaija Oojyn »karar. Deepde
Heuumpaadyy amom 6up 31eKmpoHYH H020MYNn KOUCO, OK 3apidoyy UoH,
meckepucunye, Heumpaadyy amom 6up aneKkmpordy Kowyn axca, mepc
3apaddyy uor nauda 6oaom. Arepje AAPOro HEUTPOH KOIIyJIca, 3JIeMEHT-
THH XWMHSJIBIK KacHeTTepH ©3repbecTeH OIIIoJI 3Je aTOMJAYH HM30T00y
naiaa 6070T. ATOMAVH SAPOJOPYHYH TYPYKTYYJIYTIY IIDOTOH ME@HEeH HeuT-
POHZOPAVH KaThIIIbIHA K63KapaH/bl 60JI0T. By KaThIll Oesruiyy Oup
YeKTeH allKaH/a Iaiga 60JITOH KaHbl M30TOI TYPYKCY3 6oayn a xke [3-
a*KBIPOOHYH HaTBLIMKAChIH/Ia »KaHbI 3JIEMEHTTHH AAPOJIOPYH mamjga Kbl-
jaTr, 6. a. pafHoaKTHUBAYY O0JIyII Kajar.

XIX KpUIBIMABIH asirbIHAATHI 2kaHa XX KbIJIBIMABIH OalIbIHAATIBI
MJIMMHAI adyyJiap Me3rHJIAHK 3aKOHAYH 0eJrujyy HpaaTTYYJIYKTY Ky4a-
rbIHA AJITAH KaJINbl TAaOUIBIN 3aKOH 3KeHIUTUH bIipacTa/lbl, aHbIH HEeI'u3ru
IPHHIIAIITEPH TaKTaJbIN, TePeHAeTUIHNN aH/aH apbl 00p4dyAy. Me3rui-
OINK 3aKOH ayblIraHJaH KHMUHKH XUMUSAAArbl, QU3UKaAarel 4YoH HJIH-
MHH KaHbUIBIKTAp, VIIVJ 3aKOHAYH HeTH3UH/Ie JKapaJibl leCeK KaHBbl-
JIBIIINAN0bI3, cebeb a1 6apAbIK »KaHbl HIIMMHAY adyyJiapra Ko KOpCceTTy.
Aicak, JI. 1. MeHeneeB TapabblHaH KacHeTTepMHUH 0apAbITrbl aJbIH-
ajia aiThUIraH 3JeMeHTTepAHH a4yblIbIIIbl OKYMYIITYYHYH IeHHaJIAYY
MIMMHI KOpereyTyryH bIpacTtagsl, ajap tabaunanan [1.11. Menagenees
aubIK KaJITHIPraH OPYHAAap/AbI 32JieAu. A TYryJ ypaHJaH KUMUHKH dJIe-
MEeHTTep CHHTe3/eJHII, a3blp OeJruiIyy ajeMeHTTepAnH caHbl 110 ae-
MeHTTeH amThl. [I. 1. MeHejeeB Me3TrHJIIMK 3aKOHAYH KaJbl TabOH-
I'blil 3aKOH SKEHJIUIHHe KO3Y KeTKeHAUKTeH KOIl 3JIeMeHTTepJAnH aTOM-
AVK MaccaJlapblH OHJIOI, OKCHA/IepUHHUH (DOpMYJIaIapbIH KaHa 3JIeMeHT-
Tep/AUH BaJIeHTTYYJIYKTOPYH TaKTallbl.

ATOM TY3YJIYIIIYH, MOJIeKyJaJapAbIH 1anjia 0oJyIIyH TYIIYHAYProH/16H
KHUNUHKH WIAMHAN adyblJIbIIITAP ME3rUJIAUK 3aKOHAYH TYYPaJIbIIbIH bIpac-
Tan, TabUreIidl WJIMMIEPAXH aHAAQH apbl €6puYylly Y4YH aHBIH pPOJY 30D
9KEeHJ/IUT'MH KOepcoTTy. Me3ruJIuK cCUCTeMaHblH HErM3UH/JIe OKYMYIITYY-
Jlap NIPaKTUKAHBIH TaJallTapblH KaHaaTTaHABIPrbljal canaTKa 33 00JIroOH
»KaHbl XUMHUSUIBIK OMpUKMeJNIepaH 2KaHa MeTaJULlapAblH KYyMMaJlapbIH aJIblIl
skaThImar. Me3rujguK 3aKOH OMOXUMHUA, TeOXUMHUA, OMOreOXUMHUs, I'eo-
JIOTUS, PAIMOXUMHAS, AAPOJYK (PU3UKA, KOCMOCTYK XUMHA K. 0. HIHM-
NEepAUH »KaHbl TaApMaKTapbIHBIH KapaJIbIIIbIH 2KaHa aH/JJaH apbl 06PYYIIIYH
[IIapTTajbl.
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Moy dDanjiaHbIII

Uonayk 6aitjaHbIIITBIH MaHbI3bI, AEMEK, HOHAYK 011 "xMeJlepAAH
KacHeTTepH KaHa CTPYKTYPachl 9JIeKTP-CTATUKAJIBIK TeOP =HhIH KO3Ka-
paniTapbl MEHEH OHOM TYHIYHIYPYJIOT.

Bepuares aToOMAYH 6up ke aHJAAH KOIl dJEKTPOHAO ‘Damka oup
ATOMI'O TOJIVK OTYII KeTce, HOHAYK 6aiiIaHbIN naiga 6o . Peakmus-
HEBIH HCCHUJ ACYPYULY YLYH dNeKMmPOHYH Oepe mYypzan amos: = uoHdowyy
nomeHuua bl 34 a3, Al IMu INeKMPOHOY KOWYN GAyy1y arn “0yH 3aeKxm-
pOH2ZO meKmew muu a6oamn Hozopy boayury Kepek. Peaxkii SblH HaTBIN-
skaChIH/IA DJIEKTPOHYH OepreH aToM, OH 3apfAAAYY MOHTO = 3MU 3JIeK-
TPOHJY KOIIYI ajIfaH aToM, Tepc 3apAlAYY MOHTO allJIaH:

Na° — e—> Na* xana Cl° + ee ——> Cl ke Na® + ClI° 3 Na*+€F

MpIHAA HATPUH 2H CBIPTKBI 3s! pIeKTPOHYH XJIOPI ‘EpUIl ©3YHO
yel{MHKHA MHEPTTYY ras/iblH (HEeOoH), ajJ 9MHU XJIOPAYH aTc - HaTPUUAUH
3JIeKTPOHYH KOIIYII aJbIll, 63YHOH KUMMH »KauramKag Ui TTYY ra3iblH
(apros) KOHGMGUIypanuaChIHA 99 DOJIYHITY .

MuepTTYY ra3iapAblH 0apAbIrbIHbIH (renuiten O6am 2Bl — 1s?) aH
CHLIPTKBI KBAHTTBIK JAE€HI93J/IepH ns*np® KoHGUrypamusac: & s3 DOJITOH-
JIYKTaH MOHOIIYY IOTeHIHaJ/lapkl YOH CaH, aJl SMH 3. “TPOHI'O TeK-
TelITHUrH Tepc caH, 6. a. MHePTTYY rasjap 3JIEKTPOHAY 3YJIYIIYHYH
ab/aH TYPYKTYYJIYyry MeHeH MYHO3/10JI0T. Bup 2/1eKTpoHY epHll, HEOH-
IyH KOH(HUIypalnusAcblHA 92 0OJITOH HaTpUi MOHYHYH 91 THH 3JIEKTPO-
HYH TapThIIl ajlyyra €Te Kell dHeprusf KyMIlajiar: I,= 2B, ax aMH
[,=47,3 3B. OmoHAYKTaH, HaTpUH YUYH Na® moHYH ~Hja KBUIYY
MYHO3/YY.

Srepae I A rpynnaHblH 3JeMeHTTepH OUp 2J1eKTPOE “epYy MeHEeH
TYPYKTYY JIeKTPOH/YK KOH(MUIYpalAsAra KeTHIICe, [I A r =IIaHBIH 3JIe-
MeHTTepH 2 2JIeKTpoHYH, III A rpynnaHbIH 3jleMeHTTep! ‘5JIeKTPOHYE
Gepun ns’np® KoHOGHUrypanusara s 60x0T. Mucaisl, -l

Na®— e —> Na‘; Mg®— 2e- —> Mg?"; Al°— 3e — =A™

VII A, VI A mMereH V A rpynmnajzapAslH ajeMeHTTe L, 2 XKaHa 3

3JIeKTPOHZIOPAY KOIIYII ajIblll ns’np’® 2JIeKTPOHAYK CTPY: “haHBI nauja
KbLJIAT:

FP+e—F ;0% + 2 — 0%; N°+3e —>
BapabIK Tepe I3APAAAYVY HOHAOPAVH 3JEKTPOHAYK ! T-?KTypaJI_aI'!H

MHEePTTYY ra3/lapAbIE KOHMUIYpanusacbIHAau 00JICO, OH HC PAYKY a-
Kaua DoJNVIIY 1a MYMKYH:

Zn?* =1s?2s?2p°3s23p°3d"°
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OmeHTHII, HOHAVK OHpHKMe/e 3JIeKTPOHAVK OyJIyT aupbIM HOHAVH
TerepermHje »ajramar aHa ap OUp HOHAYH TerepernHje 6apibik Ha-
IBITTApbl DOIOHYA KYJOHAYK KY4TOp OUpjael TaacHp 3TeT, OIIOHAYKTaH
MeHKHHINKTe HOHAVK 0alIaHBIIITHIH Oerujayy 6up 6arsiTel 60J00MT,
faitaHbIr 6azoimcebt3dolebt MeHeH MYHo316e0T. MBIHAal KapaMa-Kap-
Bl 3apAAAYY 9KH HOH ©3apa apakeTTeHHIIce, ajap Oupu OMPMHHUH 3a-
pAAAAPBIHBIH KYUTYK TajaajlapblH TOJYK KaHaaTTaHAbIp6auT, ap OMpH
fpamka 6arsITTaphl 00I0OHYA KapaMa-Kapllbl 3apAAAyy HOH/IOp MeHeH apa-
KeTTeHHIIYY KOHAOMAYYJIYTYH CAKTANl, KAHbIKNACMbi2bl MEHEeH albIpMa-
sjagaT. Kpucraaaga ap OMp MOH KapaMa-KapIllbl 3apAaAyy HOHAOPAYH
MaKCHMAaJIZIVY CAHBIHBIH KypUoocyHa 60a0T, O6epHJIreH HOHJAYH Terepe-
rHHJe KaH4Ya HOH TOITOJIOOPY MOHJAOPAVH 6JIYOMYHO KO3KapaH/Ibl.

KoBajgeHTTHK DaMJaHbIIII

NoHAYVK 6aiIaHBIIITHIE TEOPUSACHI OMpAer aTOMJOP/I0H 2Ke KacHeT-
TepH »KaKbIH 3JIeMEeHTTEePANH aTOMAOPYHAH MoJIeKyJlaJap/blH 1ainja 0o-
JIVIIVH TYIOYHAYP® anbauT. MbIHAaN MoJleKyJlajlap/blH Manjia 00JaylIyH
JIpIouC KOBAJIEHTTHK OaMJIaHBIII TEOPHUACHl apKBLIYY TYLIYHAYPOT. Cyy-
TeK, a30T, XJIOp K. 0. CBIAKTYY Oupael aToMAOPAOH nanja 60JITOH MoJle-
kyaainapaa H,, O,, Cl, 3k1 aToMAYH OMpHU SKHHYUCHHE 3JIEKTPOHYH OepH-
[II¥ 7Ke KOIIYII aJIbIIIbI XJKOHYH6 co3 00JIYIIIY MYMKYH 9Mec.

MeIEAaM MoJIeKyJaJlapAblH nauga 60oJyIIVH IapTTarad Kyd MoJe-
KyJia Maijja KbUIyyra KaThIIIKaH aTOM/IOPAYH KaJIKbI 3JIEKTPOHIOPY K YII-
TAIIBII KX aTOMTO TeH Oupjiell Tuemesyy 6oayn Kajgar, OyJI Ky 3JIeKT-
POHJIOPAVH 3ceOMHeH MoJjleKyJjara OMpHKKeH 3KH aTOM TeH MHepTTYY ras-

IAbIH KOH(pHUrypanuscelHa 33 6oayiar. Mucasl,
He:tH-——'H 'H

[enruiinHE KOH(MHUrypanusicblHa 33 60JIyY YYYH CYYTEKTHH aTOMYHa
O6upaeH 3JeKTpoH kerneiT. OMOHAYKTaH, 9KA aToM OMpH OMpHHE Ka-
KbIHJAIIKaHJIa, aJlapAbIH »KaJIIbI3 3JIEKTPOHAOPY KaJIlbl MoJIeKyJara
THeNIesYY 3JIEKTPOHAVK KYIITY ITai/la KbLJIbBII KOBAJEHTTUK OalIaHbIII
KeJIND ybIraT. [fajloreHIepAnH BaJEeHTTHK 3JIeKTPOHIOPYHYVH CaHBbI 7, Je-
MeK «OKTeTTH» Iaija KbLIiyyra 6upleH 3JeKTpoH xkeruinmneinr. OoH-
AVKTaH, aJapAblH KaJKbl 3JIEKTPOHAOPY KVIITALIbIII 9KH aTOMIO TeH
THeNIeJYY 3JIeEKTPOHAVK KOH(MUI'ypallUsAHbI I1ali/1a KbLJIaT:

F+F—)FF

KBaHTTBHIK MeXaHUKaHBIH KOo3KapalllblHa bLJIAUBIK o3apa apakKeT-

Telyy Y4YH cyyTeKTHH KM aromy (H, »xama H)) »kaxkpiHZamkasza,
aJIJap/IbIH OPTOCYH/Ia 9KH TYPJYY 3JIEKTP-CTaTHKAJbIK KY4TOp TaaCHUp 9TH-
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I MYMKYH. ZKaKbIHIallIKaH KX aTOM/IYH 3JIeKTPOH/IOPYHYH CIIHHACPH
KapaMa-Kapisl 6arsiTTaiaras 6osco, aHal 3JIeKTpoHAYK OyayTrap (1s,
sxaHa 1s,) KaiipaaH »)Ka0bpLIBII™ KOBAJCHTTHK OaisiaHBIII HINKe aliar.

MuIgAal Kafipagad KabslIbIn naiga 00JIroH KaHbl MOJIEKYJIalIbIK
6VJIVTTYH THITBI3/IBIIBI 9KH SJIPOHYH OPTOCYH/Ia MAKCHUMAIAYY oostor. O3apa
apaKeTTellyy YIYH KaKbIH/IaIIIKaH aTOM/IOPAYH 2JIeKTPOHAOPYHYH CIIAH-
JIepH KapbIll DarsITTajrad 00jaco (i-a‘ﬁ x*e TT) 9KHW aTOMJIVH OPTOCYH]IA
TYPTYJlyy KYYTOpYy raHa apakeT KbUITaH/BIKTAH MOJIEKYJIa nanjga 6osi-
poiT. (3.4-cypeor.)

H, H,, H, H,,

IS Is,, IS

a) 6)

!sb

3.4-cypoT. KoBaneHTTuk Monekynaaarsi BynyTTyH xanraiyy cxemacsb!.

Jlemek, o3apa apakeTTelllKeH aTOM/IOPAYH 3JIeKTPOHAOPYHYH abaJi-
fapbIHA jKapallla MoJIeKyJa nanaa 6osynry ke aToM0p KarbUIBIIIBIIL 971€
Kalipa e3repyycy3 a>kbIpan KeTHIIH MYMKYH.

KoBaJleHTTHK 6alijlaHbIIITHIH nania 6bogynIyH TYIIYHAYPYY Y9YH ai-
ra4 TOJKVHAVK GVHKIUSAHBI TYYpa TaH/A00 3apbUl. TOTKYHAYK byHKIAA-
HbI TAHJIOOHVH 9KH bIKMachl 6ap: BaJIeHTTHUK DaiUIaHBIII TEOPUACHI (BBT)
YKaHa MOJIeKVJIAJIBIK opbuTaiap/iblH TeOPHACHI (MOT). Byxa sku Teopus
HalITalKbl TOJKVHAVK GYHKIAAHBI TY3YYI'® ap TYPAYY40 KEJITeHIUKTCH,
MOJIEKYJIaHbIH HeI'H3TH MOJIeJIMHUH TY3YJIYIIYH TYPAYY4O HarbUIbIpar. Ba-
JICHTTHK 0OaijlaHbIII TEOPHUsChl MOJIEKYJIaHbIH TY3YJIYIIYH aYyblK-adpPbIM
3JIeCTETYYIO MYMKYHJYK OepreH/IMKTeH, OMp KaTap Macejejep/id camart-
THIK JKaKTaH Yyedyyre kol kojjionyJar. BBT boloH4ua MOJjIeKyJIaHbI TY3I'OH
aTOMJIOD ©3/I0PYHYH JKeKe4eJUI'HH CaKTall KajaT, ajl IMHA MOJICKYJIAIbIK
op6HTaNIap/IblH TEOPUACHI ATOMAYH TY3YJIYIIY KOHYH/IOI'Y HEI'M3TH KO3Ka-
pamTap/bl NaijajaHblll, MOJIEKYIaHbl ONPAUKTYY oup OyTyH/0H HOIYKYO
Jlell Kapaur.

CyyrekTHK OaMIaHbIII

Cyymexmun uony (npomown) MeHen mepc IAEKMPAYYAyzy “OK
(pmop, XA0p, KblLKblAMEK ) anemenmmepduHn LOHJOPYHYH 63apa apa-
KemmeHnuwuHen naiida 6oazon 6auaanbiw cyymexmur 6aunanblul jien
alThLJIAT.

60



CyyTeKTHH MOJeKYyJIachl 9KM TepC dJICKTPIIYY 3/IeMeHTTH OalIaHbIII-
THIPraH KOIIYPOHYH POJIVH aTKapa TYpras/ibIr'el, OMpUKMeJiep/ie CYYTeK-
THH KOOPAMHAIMAIBIK CaHbl 9KUre 6apabap akenauru 6earuiyy. MbIHja-
rpl naiina 6osron Gaisaneim Bau-jgep-Baajgbc KYYTOPYHOH OMp KbIHJla
KOII, ajl 9MH KOBAJICHTTHK OalyIaHBIIITAH aj1/la KaH4a a3, 0. a. opToaykK
MaaHure 33. CyyrekTHK OaijiaHbII 3aTTap/blH (DU3UKAJIbIK, XUMHUAJIBIK
’KaHa CTPYKTYPAJIbIK KaCHeTTepUHEe TaaCHp KbLIBII, (DH3UOIOIUSIIBIK IIPO-
[eccTep/ie 03rouo YoH poJijly OMHOMT.

YKasnns! ajJragaa CYyTeKTUK 6ailIaHbIIITEI TOMOHKY/I0M 3JIeCTeTYYI'O
bojoT:

H—022-Pg—0 -2 0°

H H H

CyyTeKTHK GaiinaHbIUTHIH 3Hepruscel (E) anda pesie xom 060JI-
ooiit. Ancak, H--H; H---O; H---F cyyTekTHK 6anlaHBIIITap/IblH 3HEPIrUsi-
sapsl THemenyy Typae E = 8,0; 21,0 xana 42,0 k/[x - moab ' 6apabdap.

AT MU MY3/IVH KpUCTA LIJIapblH/la CYYHYH MOJIeKYyJlajlapbl TeTpad/ip-
JIMK KOH(MHUrypanusaaa »kauramiar (3.9-cypor).

O™H A%

3.5-cypor. My3 cTpykTypacbiHaarsl CyyTektuk bannansiwirap.

3.5-CYpPOTTO KOPCOTYJINOHAOM KBIYKBUITEKTHH ap OMp aToMy TeTpas/ip-
JIMK TOPT CYYTEKTHH aTOMYHYH 60pbopyH/ia KauramKan. AJl CYYTeKTHH
TOPT ATOMYHYH 3K00 KB[YKBbUITEKTHH aTOMYHA YIOJ/1YY KOBAJICHTTHK Da-
stagbmi (d = 0,109 na), Kasirad 9Ko0 cyyTeKTHK baiutansin (d = 0,176 nm)
MeHeH OupuKKeH. O3 upeTHH/le CYYTEKTHH ap OUp aToMy KbIYKBLITEKTHH
6Mp aToMy MCHEH VIOJJIYY KOBAJICHTTHK, DKMHYHUCH MCHCH CYYTEKTHK
fOalutaHBII apKbL1yy OMpuKKeH. My3 apui bamnraragja aijiarsl CYyTeK-
THK GalsraHbIIITap Y3ys10 6amraragiablkTad (15% Ke »KaKbIHBI Y3YJIOT),
CYVHVH MOJICKYJlajaphl dKaKbIHJAIIBII, aHBIH ThIIBI3/bIIbI dKOIOPYJIANT,
OIIOHJAYKTAH MY3 CYIOK Cyy/laH »KeHUJ 60JI0T. AKBIPDBIH/IBIK MEHECH TeM-
IepaTtypa KoropyJjau bamiraraHjia CyyHyH MOJICKyJaJiapbl HBIKTAJIBIII
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orypyi, 4 Caeru cyyHYH ThITBI3/IbIIBI MAKCHMAJIIYY YeruHe KeTer. NYwyn
wapmma CYyHyH MOAeKYIarapbl IKU cyymexKmur bauaanvlul MeHeH bu-
purken dumepaepden mypam. TeMmunepaTypa MbIH/IaH /1a KOTOpyJjIarania
CYYTeKTHK OalJIaHBIII Y3YJIYI, AUMepJiep a3auranAbIKTaH Kaupa CYYHVH
keseMy YoHoeT. Cyy 6yyJaHbII rad abajJblHa ©TKOH/10 Dap/AbIK CYYTeK-
THK GaiIaHbIII Y3YJIYII, aj aliphbIM MoJleKynanapjas TypaT. CyyHyH aHOMa-
JTUSIIBIK KACHETTEPH: YKAKIIIbl 9PUTKHUYTUTH, YKOTOPKY KBUIYYIYK CHIMBIM-
AVYJIYIY, KaTMap-KaTtMap TYPYHJery TOHyIly, AU3JIEKTPJIHK K. 6. Kacuer-
TepHu CYYTEeKTHUK OallJIaHBIII apKbLIYY TYIIYHAYPYJIOT. CyyTeKTHH )TOPH-
¥ MeHeH K93 OUp KapOoH KUCIOoTaJIapblHbIH OYyIapblHJa CYYTEKTHK pau-
JIAHBIIIITAP TOJYK Y3YJI00HT, JeMeK, MOJeKyjajlapbl AUMep TYPYH/O KYPOT.
3arTapAblH CYYTEKTHK OailaHBIIITHIH 3CeOMHEH accolualUuATaHYy
YKOHIOMAYYJIYTY aMMHUaK, CIIUPTTEP, CYYTEKTHH IePOKCHAN, KYKYPT KHC-
JloTackl, F'UJIpa3nH ChIAKTYY OMpHKMeJlepre Ja TaaH/AbIK.

CyyTeKTHK OaijlaHBIII apKbUIYy accoluaTrTap mnaujaa oosyn, Ha-
THIKa1a OepuiIreH OMpUKMeHHH OaJIKbIN 9pYY sKaHa KalHoo TeMIlepary-
pajiapbl, 3pyy KaHa JPHUTYY KOHAOMJIYYJIYTY 63reper, OaJIKBII 3pYY 9H-
TaJbIIAsACHEl KOOOHMOT XK. 0.

CyyTeKTHK OaillaHbIII MYHO3/YY 00JIT0oH OMpUKMeIepAnH (U3NKa-
JBIK KacHeTTepH, ajJap/blH aHAJOIJOPYHYH KacHeTTepUHeH KeCKHH aubIp-
MaJIaHbIIIIBEl MYMKYH.

Cyy MeHeH CYYTeKTHH (PTOPUANHUH KailHOO KaHa OaJIKBIII 3PYY TeM-
nepaTypajapblHbIH KaJlbl 3aKOHYEHEMIYYJIYKTOH KeCKHUH YeTTe0JIopY,
CYVTeKTHK GailaHbIII MeHeH TYNIYHJAYPYJIOT. Jrepjie aHAau 60s100r0H10
cyy MeHeH cyyTeK (TOpHUAMHUE DaJIKBII 3PYY 2KaHA KalHOO TeMIlepaTypa-
Japbl GKCIIepUMEHTaIIbIK MaaHUCHHEH aj/la KaH4Ya TOMOH DOJIMOK.

"KBIHBIHTBIKTAIl afTKAaHIa CYYTeKTUK OalaHBIIITHI OAarbITTALYY
apakeTTellYYyJepAYH allpbIM Y4Yypy KaTapblHJa Kapooro bosor. Cebedn
6ailIaHbBIIITEIH Naijaa 60Jayy MeXaHu3MHU AUNO0JIb-TUIIOJAYK, BaJEeHTTHK
afJIaHBIII KaHa 3JeKTpP-CTATHCTHKAJBIK TEOpHAJapJAblH HerusuHJe

TYLIYHIYPYII >KYPYIIIOT.

MeTaJurIbIK 0DanJIa HbIII

MeTtananapable 6apAbIrs!l (ChIMaNTaH pamkachl) KaAUMKH LIapT-
Tapia KaTyy 3arrap. Ajap HerH3MHeH KYOAYK ’KaHa IreKcaroHaJJbIK
cHCTeManarsl abjaH HBIK sKaiiralllkaH KpHCTAJJIAapAbl Haijga KbLIbI-
mat. MeTasuilapAblH 2JIEKTP TOI'VH KaHA KBLIYVYJIYKTY O6T6 2KaKIIbl
OTKOPYY KOHAOMAYYJIYTY, ajap/AblH KPUCTAJJIapbIHBIH DomITyKTapbhlHAA
BAaJICHTTHK 3JIeKTPOH/OP 3PKHH KBUIBII KYPOT JereH 00K0MOJIZOOTO
aJbpln KejieT. AToMjaop Oupu OUpHHe >KaKbIHAAIIKaH/Aa 63apa apaKeT-
TeIIYYHYH HaThIMKachlH/a MeTajIlap KOHJAeHCAalluAJIaHbIll KPUCTaII/bl
namjaa KsLiar.
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7Kekeue TypraH aToMJIop KaKbIHAALIBII, Oejruiayy OMp apajibIKKa
»KeTKeHJ/Ie KM aTOM/IVH BaJIEHTTHK opOuTaIlapbIHBIH OPTOCYH/IArbl apa-
KeTTellYyJep KY4eIl, eTe »KaKbIH jKaliralkaH opOuTajjlapAblH TOOY
Y3TYJITYKCY3 BAJIEHTTHK 30HAHBI TY3YIIOT. Byj sHepreTHKaJbIK 30HAJIap
alipbIM aTOMOPro aMec OYTYHAO! KpHcTaxira Taasablk 6o0soT. MeTasi-
Jap/bIH BaJEeHTTHK 30HACHIHAATbI OpOMTANJapbIHBIH KOIUYJIYTY »Ke Oup
6eJryry 6omr kasgart. Bys 30Hasap eTe KaKbIH KaurallKaH/AbIKTAaH a3 raHa
YKBLJIVYJIVK 3HEpPTrUsICHIHBIH TaaCHpPUHEH 3JeKTPOHZOP KOTOPKY JHep-
reTHKAJIBIK AeHraasrdeepre oTe ajbinar. JleMek, abcolOTTYK HOJIJI6 IraHa
9JIeKTPOHJIOp 30HAHBIH 3H TOMOHKY /eHI?3J[IepuH d3jedece, KaUMKH
mapTTapja ajap 30HaHBIH OapAbIK JeHraaaaepruHe 66yHYI sKairama oe-
pHUIIIET.

MeTanaaapjaa 6TKOPryd 30Ha BaJIEHTTUK 30HAHBIH »KOTIOPKY Deryry
MeHeH KaipajaH »Ka0bLJIBII, aJl 9KOe »KaKbIH >KauralulKaH Y3I'YJITYKCY3
9HepPreTHKAaJIbIK JeHIa2 1AM aiga KpuiaT. OTKepryd 30Haiarsl 3JeKTPOH-
7I0p KPUCTAJLJIIa 3pKHH »KBUIBII KYpylneT. KajuMKu maprrapia MeTasll-
AapAblH BAJIEHTTHK 3JIEKTPOHAOPY BaJIEHTTHK 30HAJa l'aHa dMec, OTKOpIyY
30HAHBIH TOMOHKY ZleHraajiepuHae aa 6oior (3.6-cyper, a).

MeraJJIgapAbIH »KBUIYYJIYKTY KaHa 3JIEKTP TOT'YH KaKIIIbl 6TKOPYY
KOHAOMAYYJIYTYH, ajJapAblH KpUCTAJJIJapblHBIH OOIITYKTAPbIHAA 9DKHH
YKBLIBII KYPIreH 3JAeKmpoHOyYK 2a3 >KOHYH/1ery MojieJlb OHOH TYIIYH/IYPOT.

NoHAVK XaHa KOBAJEHTTHK KpHUcTaJUIapAa 6TKOpryd 30HaHbIH 3HEP-
rusichbl BAJIEHTTHK 30HAJaH KOII allbIpMaJlaHraHAbIKTaH, 0yJI 9KOOHYH Op-
TOCYH/Ia ©T6 YOH THIIOY CAJBIHTaH 30HA KeJHII YbIraT. JJIeKTPOHAOP TO-
JIVK TOJITOH BaJIEHTTHK 30HAJIaH 3JIEKTPOHY KOK 6TKOPrydY 30Hara CbIpT-
TaH 9Heprud OepbecTeH 3JIeKTPOHAY KOTOPYY MYMKYH amec, cefebn MbIH-
Aay 3aTTrapja ThIIOY cajJbIHraH 30Ha abaaH 4oH (E > 4,0 3B). Anberre,

AE

eTkepbee4y 30Ha

eTkepbeeyy 30Ha

3.6-cypeTt. ©TKepryy (a), xXapbiMm eTkepryy (6) xxaHa usonsatTopnopAayH (8)
aHepreTukanblk AeHrasnaepuHUH 3oHanbiK CTPYKTypachl.
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OTO KOII DJHEPIrus Ke 2KOropKy 4YblHaJyy Oepyy MeHeH 3JIeKTPOH/IOPAY Ba-
JIeHTTUK 30Ha/laH OTKOPryd 3oHara KOTOpYII, 3aTThI 3JICKTP OTKOPIry4
abasira }eTKUpyyre 00,10T, OMpoOK MBIHAAX MIAPTTA U30JATOP TOJIYK Oy-
3yJIVIl, 3aT AOHJIOIIYII KeTeT.

JloHOP/IyK-aKIeNTOP/IYK DanaaubIil

Ko ybakTapa 6aiyiagbllll Naila KbUIYYTra KaThIIIarad JXyIl 9J1eK-
TpoHy 6ap atrom Gom op6uraigapsl 6ap aToM ke MOH MeHEeH e3apa
apaKeTTelllKeH/le 1a KOBAJeHTTYYJIYK KODOHYITY MYMKYH. MeIHAAN y4yp-
Jlapja KYII 2JIeKTPOHYH JKaJlllbl Taijajlanyyra Oepres aToM — donop, an
MU JKVII 2JIEKTPOHAY KabbL1 ajran 6om opburaisl bap aToM — akyen-
mop pen araiar. JIOHOPJAYH KYI 3JIeKTPOHY MEHEH aKIeNnTOPAYH bomr
opOUTANBIHBIH 3cebuHeH maijia 60JroH dalJaHbIII — JoHOp-aKyenmop-
dyk 6aunanbiw Aen atagar. Mucaisl,

H s
HIND ¢ H —|HINGH
[IOHOp akuenrtop aMMOHWUU

AMMHMAKTBHIH MOJIEKVJIaChl MEHEH CYYTEKTHH HOHY KaKbIHJIAIITKAH/IA a30T-
TYH KVII 2JIeKTPOHY CYYTEKTHH Ooll opOUTaIbl MEHEH OupHrun, a3oTTyH
KOBAJICHTTYYJIYTY YITOH TOPTKO YeHUH KOropyjanuT. A30T MEHEH CYYTeKTHH
Y4 aTOMy OPTOCYHJarbl 0anJIaHbIIITHIH KaHbI naiga 6osroH baiIaHBIIITAH
94 aibIpMachkl 60JIGOHT.

§ 7. Atomayk opburasiapasid radpuayienyycy

%  Ap mypdyy dpopmadazet 3aexkmpordyk opbumanrdapdvii 63apa bupu
zun, bawmankovl GOPpMANAPHIHAH QUBIDMANAHZAH, HCAKbL 2C0MEMPUANbLK
duzypadazot opbumandvt naiLda KolAbiulbl, OPOUTAIIBIH rudpujyrenryycy
Jell aTajar.

X uMHUSUIBIK baliiaEbiKka KoOyHYe Taza aTOMJAYK opOHuTanjap Ka-
THINIIIACTAH, U0 pHJJIeIIKeHiepy KaTelmaTt. 'HOpruIellIKeH aTOM/YK Op-
GuTaNapAbIH CaHbI ajJradkbl Taza abajjarsl aTOMAYK opOMTallap/ibiH
caHbIHa Oapabap OoJIOT.

Sp-rudpuyrenyycy

sp-rubpuaemyycy 6eprsIMAAKE AYYJIYKKOH aTOMYH/Ia laaHa bau-
KaJjar:

Be [25°2p°] —— Be [2s'2p’]
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Harsnikaaga 6up s->kaga Oup p-opourasiiapsbl TROpUIICIINII 9KH SP-
rHOPHACIIKEH KaHbl aTOMAYK opOHTaira aisaHar. Ajap osapa 6up
ceidbikTa 180° 6ypu GoroHya skauramar (3.7-cypor):

S + p ——  2sp -rudpup

x“‘

3.7-cyporT. sp-rmbpuanellyycy.

CypoTTo s/IpoHYH OHp TapabblH KO3/0i1 THOPHAMK OYJIYTTYH ThIIbI3-
ABITHI KOOOMTIOHAYTY KOPYHYII TypaT. OIIeHTHII, OMp dj1¢ KBAHTTBHIK JICHI99JI-
Aery cepayiblk CHMMETPHUSIIYY S-9JIeKTPOHAYK OYJIYT MCHEH IaHTelIb (pop-
MachIH/Iarbl P-2JICKTPOHAYK OYJIYTTYH 03apa apaKkeTTCHUIINHCH (popMajIapbl
OHpAeH CAMMETPUAIYY »KaHbl 3KHM I'MOPH/UIMK DJICKTPOHYVK OVIIYT I1aija
6os11y. MBIH/Iall THNTErH SP-rudpuaaeryy OepiLiii XJIOPHJIMHE UIIIKe aliaT
(3.8-cypor):

Be - Cl R BeCl,

2

., "7 b ! F 1“‘\. !

\ ' -' AW > < T | o
Yy /.- N - I L L -
@ P DD C Be Cl

3.8.-cyporT. sp-rubpuaayy bepunnum xnopmau.

Sp -rudpuyIenIyycy

Bup s- kaHa 9KHM P-OpOUTaIap/IblH KOMOMHAIIMACBIHAH Y4 KaHbl Sp*
rUOpHUAANK opoHuTass nanjaa 6osor. By rubpunauk opburasjiap oupu ou-
puHe 120°6ypu MeHeH kauraniar. Mucaisl, 60pAYH XJIOPHUAN Sp° -THOPH/I-

JelIYYHYH HaThli2KackIg/ia Y4 OypuTyy (hopmajiarsl MoJICKYJIaHbl 1alljla KbI-
jar (3.9-cyper).

3.9-cyport. sp’-rubpuaneLuyycy.
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sp*-rudpurenmyycy

Bup s-, Y4 p-2J1eKTPOH/JYK Oy IyTTap/bIH KOoMOMHAIUAChIHAH KaHBbI
sp®-rubpHuAMK opbUTanap nauja oostor. HlaHpl maija 60JTrOH TOPT
rubpumK opourans 109,28° 6ypu booHYa DarelTTAJIraH CAMMETPHSAIYY
TeTpadIpAY Iaia KbLiar. MbIHAAN ruOpHJIIellyy KOMYPTEKTHH AYYJIYKKOH
aToMYH/la faaHa Oaitkasar (3.10-cyper):

C 2s22p2 _hv . (C*2s'2p’

3.10-cypor. sp*-rubpuageulyycy.

sp3-rubpUIenyycy aMMuaK, Cyy THOMHIIerd MoJIeKy 1azap/a DaiKa-
1aT. AMMHAKTBIH MOJIEKYIaChIHAArkl a30TTO OauJIaHbIII maujga Kpuiyyra
KaTBIIIIArad OUp KV 2;1eKTpoH (2s”) 6ap. KoopAnHATTHIK OKTOP (XY,
z) 6oIOHYA KalralIKaH yd pP-d2JIeKTPOHAOPAYH CYYTCKTHH Y4 aTOMY MEHEH
maiina KpLIraH 0aisiaHbIITapbiHbIH 6ypuy 90° 60iyy Kepek aJe, OMPOK
avmvuakTa ajx oypu 107,3° TerpasApiHK KOHMUIYPANAAHBIH oypdyyHa
(109,28") sxakbpIH. ByJl aMMHAKTBIH MOJICKYJIaChIH/ATbl paisaHbBIIITApD
Taza p-opoOHTAIap/iblH KaHBITYYyCY MCHCH naijaa 00,JI00CTOH, KapbIM-7Kap-
THLIAN SP>-THOPH/UIEIIYYTo AyyIIap 00JIroHAYIyH NaITUJIJICMT, aMMHAaKTa-
r'bl A30TTYH ATOMYHYH 00JIYHOOI'OH KYII 9JI€KTPOHY (2s?) MEeUKUHAUKTE
OeJIMJIYY 0ArbITThI ajbIll TYPraHblH KOPCOTOT.

3.11-cypoT. MeTaHablH, aMMUaKTbIH, CYyHYH TeTpasap TYPYHAOTY
Monekynanapsbl.

A3OTTYH aTOMYHJarsl HaijajaHbplI0arad Kyn dJICKTPOHAYH Mel-
KUHAMKTE 0arbIT aJIVYCY aMMHUAKTHIH MOJICKYJIaCbIHBIH JIOHOD- aKIECIITOP-
VK 03apa apaKeTTelIYyro 03ro4o HUKeMAYYIYTYH TYIIYHAYPOT. A3 boJico
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na sp®-rubpuiellyy CYVHYH MoJIeKyJIacklHaa baiKaaT, aH/la KbIYKbLI-
TCKTHUH dKH 7KYII 9J1eKTpoHy Taacup arer (3.11-cyper).

XUVMUAILIK 0aMJIaHbIIIThI TYIIYHJIYPYYYY BAJICHTTHK
panaauei reopusicsl (BBT)

ByJ1 Teopusira bLIablK OMPUKMEHHN TY3YY4Y aTOMOP 2KaKbIH/Alll-
KaHja 6aMilaHbBI IIaija KbLIyyra ajap/blH BaJICHTTHK dJCKTPOHAODPY
raHa KaThIIIKAH/IBIKTAH apaKeTTelllKeH aToM/I0p 63/10PYHYH KeKe KacHeT-
TepMH cakTan Kajsar. MojeKyJaHbIH TY3YJYIIYH ODafgHJAaras BajCHTTHK
6alJIaHbIII TCOPHUACHLIHBIH K000JI0PDY TYLIYHYKTYY, 3J1€CTETYYIo KeHWI,
OUPOK KOJJOHIOH MaTeMaTHKaJBIK BIKMajIapbl 6TO TaTaall. BBTHBIH He-
M3 K000JI0pY TOMOHKYJIOP:

1) KOBaJICHTTHK OailjlaHBIII CIMHJAEPH KapaMa-KaplIbl 6arsITTal-
raH 9KM 2JeKTPOHAYH aceOMHEH naiijia 00J10T;

2) GajiyIaHBIII Iaiffa G0JrOHZO dJIEKTPOHAYK Oyj1yTTap Kaupaaal
"KaOBLITaAHABIKTAH 9KHU SAPOHYH OPTOCYH/IA 3JEeKTPOHAVK OYJIyTTapAbIH
TBITBI3/IBITB] XKOTOPYJIANT;

3) 2JIeKTPOHJAYK OYJIyTTapJAbIH Kalpa 2Ka0bblIyy Aapakachkl KaH4a-
JBIK KOIl 6oJico, maiizia 60JITOH MOJIEKYJIaHBIH DHEPruschbl OIIIOHYO as,
TYPYKTYYAYTY 3K0ropy 60;10T. 3aTTapAblH Haujga 00IyImyHAa MOJIEeKyIa-
JIBIK OpOMTAaJIb BIKMAChI /1a KOJJOHYJIAT.

MBbIHZAH THIIIKaPhI, 3JIeMEHTTUH aTOMYHYH CBIPTKBI 3JIEKTPOH/OPY-
HYH OMpH, aHLEI MCHEH apaKeTTeIIKeH Tepc 3JIEKTPIIYYJIYTY KeOYPOooK dle-
MEHTTHH aTOMVyHAa OTYII KeTce ia KOBAJCHTTYYJIYTY »KOTropyJIauT. AJICak,
a30TTYH aTOMY pPEaKIMSHBIH HaTbIMKachblHJla OMD 3JIeKTPOHYH O3YHOH
Tepc JICKTPJIYYJIYTY KOII 3JIeMeHTTHH aTOMYHa OepHIl, TOPT KaJIKBI JICK-
TPOHAYVY HOHTro N* aitJIaHBIIIBI MYMKYH:

Nzstzp LA e, N [2sizptl2ln (1
25t 2pf 2st 2p?
MpbIHIal alsIagyy a30T KHCJoTacel nauaa 6oiarosao bamkasar, cebe-
OM SKMHYM MCE3TMJAMH 3JIeMEeHTTePUHHUH CHIPTKBI BaJCHTTHK JIEHI'9dJ1/1e-
prHjie 601roHy TOpT raga opburains (6up s-, Y4 p-opdbuTais) 00JIrOHAYK-
TaH a30T TOPTTOH AlllbIK KOBAJCHTTYYJIYKTY KopcoTo anbauT. MbIH/Iau
KyOyJIyIill HUTpaT-uoHj0 6aitkasar. HurpaT-moHAY pe30HAHCTBIK CHCTEMa-
JIapABIH MHCAJIbl KaTaphlH/a TOMOHKY CTPYKTYpPa TYPYH/IO 2Ka3yyra 00s10T:

0
|

He=0 = Ni=—10
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Bys 6upuKMejie a30TTYH BaJeHTTYYJIYTY 4Ke Dapabap 00JITOHY Me-
HeH OKHCTeHYY japarkachl +9 Ke bapadap Aen aJbIHaT.

XMMHUAIBIK 0AaNJIaHBIIITBIH YIOJIYYIYTY

Bup 2Jie 2JeMEeHTTHH 9KH aTOMYHAaH nanja 00JroH, AApoJOPYHYH
OH 3apsA/ibl MeHEH 9JIeKTPOHAOPYHYH Tepc 3apA/IbIHbIH «00PAYK oopbop-
JIOpy» AaJl KeJlreH MoJIeKyJauap yloacys, ajl aMu OalIaHBILI — YroICY3
Gaiinanviw nen atanar. Typayy aJleMeHTTepANH aTOMIOpYyHaH maija 0oJ-
FOH MOJIeKVJIaap/a, *VII aleKkTporayk 0yiayT TO a3 aromaon T kedypeex
ATOMTIO JKAKBIH kaitramrar. OH jkaHa Tepc 3apsAAAapbIHBIH «0OPAYK 00p-
GopJIopY» Jajl KeJuIileil, aJap/AblH 3apsijaapbl Oearuiyy OHp apajbIKTa
(1}) opyH ajJrad MojiekyJjajuap yiadyy xe dunondop, aj oMH OamaHbIII
yroadyy 6ainansviwe gen atanar (3.12-cyper).

H: H H . F
[4+] yronayy

el €O oye
R, B

WIOHAYK

yIONcy3

3.12-cyporT. Yioncys, yronayy xaHa noHayk bannaHbilitapabiy
canbilWTelpManyy cxemanapsi.

VIoJAyy MoJIeKyJIajlarbl OH 7KaHa Tepc 3apAAAblH 0OPAYK 00poop-
JOPYHYH apasbIrsl yoadyr ysyndyey (1) nen aranar. MbIH/1al MOJIEKYJIa
naijga KbIraH 3JieMeHTTepAuH TO alblpMadyblIbIl'bl KAHYAJBIK YOH 00J1-
CO, OIIOHYOJIVK XUMUASJIBIK OalyIaHBIII YVIOJAAYY 00JIOT iereH KOPpYTYHAY-
ra xkesebus. MoJieKyJaHbIH VIOJNAYYJIYIY aHbIH JUIOJIAYK MOMEHTHHHH
(m) es174OMY MeHEeH aHBIKTAJIaT:

u=e - [,

MBIH/IA € — dJIeMeHTapAbIK 3JIeKTpP 3apAAsl, [ — AUIOJNAYH Y3YVHAYTY.

MoJteKyJIaap/blH AUIoNAYK MoMeHTH debai (D) menen (1D = 1- 07
3JI. CT. OUpAUK) TVIOHTYJIAT.

Vioscys mosekyiaanapaa | = 0, nemek, p = 0, ag aMH YIOJIAYY MoJIe-
Kynaangapaa [ > 0, gemek, pu > 0.

Mosnekyiazars! aromaopayH TO aifbIpMachlHbIH OaMJIaHBIITBIH YIOJI-
AVYJIAYIYVHA TUHTH3reH TAaCUPHH CaJbIIITHIPBIN KOPYY YUYH 2-Me3rHjAuH
aJIeMEeHTTepHHHUH (hTopHJIepHH Kapall KOpeJIy:

LiF —» BeF, —> BF,— CF,—> NF, —» OF, — F,

Muigaa atoMaopayH TO eryeMyHAOry albIpMavdbLUIbIK Me3THJI/ie COJI-
JIOH OHI'O a3aiirad cailblH HOHAYK OMpPHUKMe — JIMTHM (PTOPHIUHEH VIOJIAVY
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OMpHKMeJiepre, aKbIPbIHAA VIOJACY3 (PTOPAVH MOJIEKYJIaChIHA KeTHII TOK-
ToT. OIeHTHII, MoJIeKyJlajars! 0aMJIaHBIUITHIH 2KapaThIJIBIIILI MOJIEKY -
JIAaHBI TY3r6H aTOMJIOPAYVH TepcC 3JIEKTPJIYYJIYTYHYH CAaHJABIK MaaHHUJIEepH-
HHUH allbIpMayblJbI'bIlHA KO3KapaH/bl.

L]

>
. Cypoonop xaHa KoHyryynop

1. AToM-MoneKkynanbik oKyyHyH Hernary xxobosnopyH antein beprune?

2. AToMAyH Tataandbirb!, AP0 MeHeH NPOTOHAYH XaHa 3NeKTPOHAYH CaHb!
amMmHere 6apabap?

3. Pesepcopa, bop TeopusinapbiHbiH KEMYUMNUKTEPUH KOPCOTKYNO?

4. KBaHT TeopusiCbiHbIH Hermaru xobonopy XxaHa KBaHTTbIK caHAapAblH Maa-
HUCHH anTbin Beprune.

5. ATomayk opbutanapabiH TONTypynyw vpetu: MNaynu npuHumbu, N'yHa ape-
KECW XaHa 3HEepPrusiHbiH asary NpuHUMbK.

6. /1. . MenageneeBanH Me3rnank 3akoHro o3yHyH bepreH aHbikTamacs! XaHa
a3blpKbl Me3rungern spexecuH antoin beprune?

7. AneMeHTTepaAnH Me3rnnauk CUCTeMachliHbIH Ty3ynyLly.

8. ATOMAYH MOHOWYY 3HEPrUsiCbl, ANMEKTPOHIO TEeKTEeLWTUIM XaHa 3NemMeHT-
TepAuH TEepC INEKTPAYYNyry XOHYHAO KaHAaw MaansiMaTtbiHap 6ap?

9. Xumusanbik 6annaHbill XaHa anapAibliH TYpNopy MOHAYK, KOBaneHTTuk bau-
NaHbIWTapAblH anbipMayblfblKTapblH KOPCOTKYO.

10. sp, sp?, sp® rMbpuagelwyynopy XaHa anapra bannasbilWTyy 3artTapAblH
TY3YNYLYH KOPCOTKYNO.

11. CyyTekTuk, MeTanngbik bavnaxbilwTapabiH MaaHucuH antein Geprune.

12. Li, Na, Ca, Al, Sc, Cu, Zn aneMeHTTepuHae 3NeKTpoHAop aToMAayK opbu-
Tannapaa kadgav 6enyHron?

13. 3MHe y4yH Xpom nodarpynnacbiHaars aneMmeHTTepae «3NeKTpoHAyH Kyna-
Woi» KyGynywy 6ankanar?
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IV zahasa

XUMHUSIJIBIE ITPOIIECCTEPAHII HET'H3I'U
SAKOHYEHEMIYYJIYRTOPY

§ 1. XMMHAIBIK PeAKIUAHBIH bIIJIAM/IBITBI JKOHYH/I0 TYIIYHYK

Ap KaH[al XUMHUSAJIBIK IpollecCTepAn U3MIZIO0HYH HaTbIM>KacbIHJA
peaKIusjap TYPAYY bLIJaM/BIK MEHEH YPO TYPraH/AbITbl AHbIKTAIIAH.
Koo 6up peaknusijiap KO3 upmMeM/Jie KYpOT. Mucasipl: Ty3aap, KACJIOTa-
j1ap, N1eJIOYTOPAYH cyyaarsl 3pUTMeJIepUHHUH 032pa apaKeTTCHUIIIH, Ka-
PDBIJIVY MCHEH KYPIroH peaKIusIap . 0.

DKUHYHA OUp peakIsIap 0To rkail skypoT. MbIH/Ial peakiysiIap/a a3
3J1e IPO/IYKTYHY aJIyy YUYYH aijlap, KbLjiap Tajlal KbUIbIHAT.
® Xumusnvk pearuyuiAnapovli bla10amIblzbth YUPOMKOH XUMUAHDLH Map-.
Mazbl XUMHUAIBIK KHHeTHKA Jlell aTajaT. JleMeK, XUMHUAJIBIK KHHeTAKa —
XUMUSUIIBIK PeaKIMsIapAblH 2KYPYY bLIZIaM/BITBI 2KaHa ajlap/blH ap TYP/AYY
(haKTOPJIOPro KO3KapaH/IbLJIBITEI dKOHYH/IOTY OKYY.

X IMHUSJIBIK KAHEeTHUKAHBIH Heru3rd MUJIZIETH OIPOAYKTYJIapAbl KOl
©ITIOM/IO MILITEIl YbIrapyy MaKcaThIH/Ia peak IAsIap/blH bLIAAM/IBIIBIH TE3-
JeTHUI, XUMHUSAIBIK IIPOIlecCTep/id Tyypa bammKkapyy OOJIVII 9celTeJIeT.

PeakKIIUSHbBIH JKYPYIIYHO apaKeTTelyydy 3aTTapAblH adajibl OPIYH-
AVY TaacUpHUH THHrmser, ce6eOM XMMUAIBIK PEAKIUA 63apa apaker-
TelIKeH 3aTTapAbIH OeslyK4yeepy 6upu 6MpHHe TUHMIIIKEH/ e raHa HITKe
amraT. Peaknusira KaThIIIKaH 3aTTap/blH OUpU OMpH MEHEH THUHAIIYY
MYMKYHAYT'YH KOOOHTYY Y4YYH ap KaHAall bIKMaJjapAbl KOJAOHYIIAT:
MeXaHUKaJIbIK Malas100, apATYY KaHa Oyyra — ras abaJIpIHA alJIaH-
ABIPYY.

Maii1a;I00HYH peaKIUAHBIH bLIIaMAbIIbIHA TAACUPH TOMOHKY Ta7K-
pBIiibaja KaKIIbl 6alKasar: OMp KeceK KoOMYPp e 6up yy4d YHJY KYHI'Y3COK
oTO Kall TYTOI KYiioT, ajl 3MHA KOMYP/AYH e YHAYH YaHbIHA OT KOMCOK
aJlap KapbLIyy bUIZaM/IBITEl MEHEH peaKIusIamlar. JdpuTMeze KYProH
peaKIUsAJIapAbIH bIIJIaM/IbII'bl OPUTKUUTHH KaHA peareHTTEepAXE XKapa-
TBLIBIIIIBIHA KO3KapaH/ bl 0osoT. MOHAYK ﬁnpnxmmﬁﬁ-
CHI VIOJIIVY 3aTTap YIOJAYY IPUTKHUYTEp/ie 6TO Te3 peaKklusAra KMpeT, aJjl
OMH VIOJICY3 OPUTKUYTEP/e PeaKIusl Kal KYporT. ['a3, Oyy abasIbIHAATb]
zaTTap peaknuAra oTo Te3 KuperT. Mucaasl, HAUINKE KYIOJITaH OeH3UH
»kall KyileT, ajl 9MHU aHbIH aba MEHeH apaJlalliMachl KapbLjIaT.

PeakIIMSHBIH BLIaMABITEL YOAKBIT OHPAUTHH]IE 632Ppa APAKCTTCIL-
KeH 3aTTapbIH ke IPOAYKTY/IapbIHbIH KOHIEHTPAllUsAIapPbIHBIH G3TOPYIITY
MeHeH 4yeHeJleT.
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Mucaibl, TYPYKTYY O0achIM KaHa TeMIlepaTypa Ke3auH/e KYPYYdy
A + B > AB peaKNusACBIHBIH BIIJAAMABITBIH aHBIKTAIl KOPCOK 60JIOT.
drepje yOaKBITTHIH t; Ke3auHAe A 3aTHIHBIH KOHIIEHTPAIUSACHI C;, an
amu t, kesurze C, 60jico, aH/1a OepHIIreH KHYMHeKeN YOaKbITTBIH HYNH/IE
At = t, — t, 3aTTHIH KoHIeHTpanuacbklHbIE o3ropymy AC=C; — C; 6o-
JIOT. AHBIKTAMara blJIaMbIK peaKIMAHBIH BIIJaMABIIBIH TOMOHKY TCH-
AEeIITHK apKbLIYY Oejrmien anadbI3:

_C-! _C? I&C

Vi =
Ut g AL (oL

Kagaali raga peaKIIUAHBI aj10aMJibl, aHBIH BLJIJaM/IbIIbl HaubIMa
OH GOJIPOHAYKTaH, TeHJACIITHKTHH aJAblHaIyy (—) Oearucu KoroJar.
PeaKnMUAHBIH OPTOYO0 bLIAAMABIIBIH YOAKBITTBIH OI'y MEHEH ara Ty-
IIYPYJITOH »KaHBIMA CHI3BIKTEIH OPTOCYH/Arbl TAHTEHC OYPUY apKbLIYY
Taan ajgyyra 6oJsor (4.1-cypeTTy Kaparsuia).

O

|
AlC
¢¢-r--

@)
)

KoHueHTpauus

|
|
|
|
? S—

t; L Y6akbiT t

4. 1-cypoT. XMUMUANbIK peakuusHbiH bingamMabiro.

PeaKIIMAHBIH YbIHBITEI BLIIJIaMIBIIEl 6TO KbICKa YOAKBITTEIH At Maa-
HUCHHJIEI'! 3aTThIH KOHIEHTPAaIllAsACHIHLIH o3ropymyHYH AC MaaHuIepu ap-
KBLIVY aHbIKTAjaT. JIabopaTopHusjia peaKIIUAHBIH bLIIaM/IbII'bl YOAKBITKA
TecKepH IpoIopIMsLIamI gen adyyra oonor: V= 1/t, c. PeakIMAHBIH bLJI-
NaMABITBHIH Taall ajlyyla, aHbIH KaH/lal peaKIIUAHBIH TYPYHO KHPEPHUH 3CKe
aJ1yy 3aphblLl.

PeakIIMAHBIH bUIAMABITEI peaKuAra KUpyydy 3aTThIH KapaThLIbI-
IIIbIHA, KOHIleHTpallUsicblHA, TeMIlepaTypara, KaTajJu3aTopro . 0. KoIl-
TOroH (hakTopjopro Keskapauabl. OMIOHAYKTAH 0yJ oHAYY (haKTopJIop-
IVH ap OMpHHEEe KbICKada TOKTOJIYII OTOJIY.

§ 2. blaaMabIKTEIH KOHIICHTPAIMATa KO3KapPaH/AblJILIIbI

MaccaHsIH Taacup 3TYY 3aKOHY
bliiaMAbIKTEIH KOHIIEHTpalusAra Ko3KkapaH/1bLIbII'bl MACCAHBIH Taa-
CHD 3TYY 3aKOHY apKbLIYY TYIOHTY.T’:IT.«X UMUSANBLE PeAKUUAHBLH bla0am-
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Oblzbl peaKyusea Kamolukan 3ammapovii KOHYeHMPAGUACHLHOLH KO3
Guyuenmmepu dapaxa mypynoo Kepcomynzon KO0OUMYHOYCYHO mMy3 npo-
nopuusaauw». MAcalisl,

mA +~ nB = AB

PeaxknussHblH bLiI1aM/IbITE] (V) peaknusiallIKaH MoOJICeKYJIajlapAblH
(A sxana B) v6akpIT OMPAUTUH/CIM KAI'bUIBIIIBIHBIH CAHBI MEHCH AHBIK-
TajlaT, MaTeMaTHKAJIBLIK TYPYH/IO MacCaHbIH TAACHP 9TYY 3aKOHY TOMOHKYYO
TVIOHTYJIAT:

V=KiA]-[BI" (4.2)

viprazia [A] Meres [ B] 6epuires yoakpIT HYMHACTH 3aTTaP/ABIH KOHIICHT-
panusnapsl, K — bLJJaMABIK KOHCTAHTACHI, M KaHa Nl — CTEXUOMETPHA-
JIBIK KOHCTaHTaJjap.

blanaMablk KOHCTAHTACBIHBIH (PU3MKAJBIK MaaHHCH: OJreple

[A] = [B]=1 moab/a Hojico, aHAa BLIJAaM/BIK KOHCTAHTara bapabap 6o-
stot, V=K.

Maccansld Taacup 9TYY 3aKOHYHYH KOJUIOHYJIYIITY

['omMoreunayy npoiecce
CyyTek MeHeH XJIOpJAYH O3apa apakeTTellyy PeakIMsChIH Kapall
KOpPOJIY:

Hypy T Clzm = 2HCl,

By peaknusHbIH bLaiaMasirsl: V = K[H,] - [Cl;] Merer TyioHTYIAT.
[eTeporenyy npoueccre peaklusra KaTbllIIKaH 3aTTap ap TYPAYY
hazaja GOITOHAYKTAH aJap/AblH bLIAAMABIIbI (hasasiap/biH 60IYHYY OeTH-
HUH asHTBIHA jkapamia osrepor. Karyy 3arrap THHHIIYY OeTH MeHeH

raga peakIUsira KNpreHMKTeH, ajJapAblH KOHIEHTPAIUACHI bL1JIaM/IbIK-
THIH TeHjleMeCHHe KUPOCHT:

C{K}* 02{1‘} 5 COZfr} ) VA= K[OE]

JleMek, O0yJ1 peakIIMAHBIH BIJIAAM/BIIb] KbIYKBUITEKTHH KOHIICHTDPA-
MUsIChIHA raHa TY3 npomnoplusgam 0ojoT. Mucaiasl, KOMYPAYH KYHAYIITY
KBIYKBUITCKTHH KOHIIEHTpAIlUAChIHA raHa Ko3KapaH/bl. bap/blk MeImTHH
UIIITOO IPUHIIAIITCPH OKIIONI 60JIOT.

§ 3. blajlavbIKTBIH TeMIIepaTypara KaHa KaTaju3aTopro
Ko3kapansLIsirsl. Banr-I'odd 3axkony

DKCcIepUMeHTAIbIK aHbIKTO0JIOp 00I0HYA TeMIepaTypa peakInAHbIH
KYPYIIIYHO 4ol Taacup aTer. JlaiibIMa TeMIlepaTypaHBIH 7KOrOpyJlalllbl
peaKkIMsiHbI Te3/leTeT, cebebu MbIH/la 63apa apaKeTTCIIKeH 00 IYKYOJI0PAYH
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9HEepIrUsichl ZKOropyJiall, HaTbli>Kaaa ajap/blH KbIMMBLI BLJIJIaM/bII'b] TE3-
AeUT, yOaKbIT OMPAUTHH]IEe KarbLIbIIIYyCcy KOOOHOT.

Keon canjiaral peakIusjIapAblH bLIAaM/bIIbIH U3UJIAO00HYH HAThIN-
»xaceiiia BarT-I'othd sperkecH zen arajrad, TOMOHKY 3aKOHYEHEeMIYYJIYK
aupLraf: « TemmepartypaHnsl ap OMp OH rpajiycKa }KoropyJarkaHja peak-
NMAHBIH BLIJIAM/IBITBI 2—4 3Ce JKOTOpYJIauT».

Vt :Vr Ly 10 (4.3)

MBIHZA t; ’KaHa t, — peaKIIUAHbIH OalllTAallKbl KaHa aKbIPKbI abajjarsl

TeMIeparypajiapsl, V; xaHa V,— peaKIUAJIapAbIH bUIAAM/IBIKTAPhI, Y —

TeMIIepaTypajblK KOIM(MHUAIIUCHT.

) Temnepamypanwvt 10°ka rHozopyaamrxanda 6epunzen peaxkyusHolH
bLAOamMObLZbl KAHYA 3Ce HO020PYAA2andbleblH KOPCOMKON CAH PeAKUUAHbLIH
TeMIlepaTypaJslk Ko (pUIIMeHTH Jlell aTajaar.

KarsmrslmkaHAga 60ailaHBINI Maljga KbljIa ajilraH MoJIeKyJiajap ak-
THUBJIYY DoJIYKUeJsiep el atajaT. TeMnepaTypa Koropysiaragja peakIns-
ra >XKOHAOMJIYY MoJIeKyJlajJlap/ibIH YJYINY KaHa ajJlap/JblH KHHEeTHKAaJIbIK
9HEepIusichl KOOOMYII, KArbLIBIIYYJIAapAbIH CAHbI 1a TC3/IeHT.

blijramjbIKkKa KaTaJM3aTop/IyH Taacupu

0 Peakxuusanvt mezdemun, Oupox peakuusidan Kuuumn 0300py xumus
ALK HCAKMAH 0320PY)yCy3 Kaa2an 3ammap KaTaJu3aTopJiop Jlell araJjar.
PeaknMsiHBIH BLIZIAM/BIIBIH ODacaHAATYy4dy 3aTTap Tepc KaTaJu3aTopJjop
»Ke MTHTHOHTOPJIOp Ziell KaObLI aJIbIHTaH.

Mucaunsl, TerpastuakopromyH Pb(C,H;), 6eH3UH eToHAIUACHIH Oa-
caT (KapbLi1yy MEHeH KYHYYcYH OacaHjaTar) ke HaTpUHU CYJIb(PUTH OPUT-
MeJie a0aHBIH KBIYKBIJITErMHMH TaaCUPHHEH KeHHJI OKUCTEeHeT, aJl 9MH
apuTMere OMp a3 CIHPT, IVIAIEPHH Ke KaHT KOILIYII KOMCO, OKHUCTEHYY
OTO »Kal KYpoT.

KarasmsaTopAAyH TaacHupH criellUu(pHUKaIbIK 00,10T. BUp 3/1e KaTa -
3aTop Dap/bIK XUMHUAJBIK peaKIusjIapAblH »KYPYLIYH OMpAcH bLIjlaM/aTa
DepbeliT, 6. a. yHUBepcaJAblK KaTaausarop 6os160ir. CyyHy 6apAbIK pe-
aKIUsIap/AblH bLJIJIaM/IBIIBIH ©3IMOPTKOH YHUBEPCAJ/IBIK KaTa/Iu3aTop Jell
auryyra 6osiop aJie, cedbedbm KOl caH[arald peakIusajap/AblH KYPYIIY Y4YYH,
94 60JI00r0H/10 CYVHYH O6yyaapbIHBIH 060JIYI1Y 3apblil, OUPOK CYy K22 OUp
peaknusIapAbl akbeIpbIlHAaTaT. MHucasabl, Kyprak CO, yiIbTpaKbI3IbLIT-
KOK HypJslap/blH Taacupu MeHeH KoMmypTeK okcuauHe (CO) kaHa KbIY-
KblITeKkKe (0,) asKbIpalT, ajl 3MMU HBIMAYY KOMYPKbBIUKBIJI ra3dbl aHJgaun
a’KbpIpO0 peakNUsicblHa ayyiap 60j100HT.
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KaTa;im3aTopAyH KaThIIIyyCy MeHeH KYProH XMMHUAJIBIK PeaKIHsi-
7lap TOMOTCHIYY, e TeTeporeH Yy IIapTTap/ia HIliKe alllbIIb] MYMKYH.

Peaxknusira KUpreH 3aTrap MeHeH KaTaju3aTop oup (asaHbI TY3CO
roMOreHIyy KaTaJmM3/IMK [IpoIlece el aTajiar. ['omoresyy KaTajJu3au apa-
JIBIK OMPHUKMeEIep/IMH TCOPHUACH] XKAKIIBI TYIIYHAYPOT. MpIHZIa KaTaJlu3a-
TOp GAIITAIIKBI 3aTTapAbIH OMPH MCHEH apaKeTTeHHUIIIHII TYPYKCY3 apajlbIK
oupurMe (AKTHUB/YY KoMILJIeKe) naiia KpuiaT. By apajblk OUpUKMe OKMHIH
KOMIIOHCHT MeHeH apaKeTTellKeHJ/le KaTaJlu3aTop Kalipa KaJblObIHA Ke-
JAET.

A+ B - K | AB Heruars XuMUSJIBIK IIPOILECC;
K + B = KB (akTUBAYY KOMILIEKC);
KB + A = AB + K KaTa;Iu3aTopAyH IIPOIecCTeH DOIYHYIIY.

Mucansl,

SO,+ 1/20, _ _NO | SO; Herusrs XUMHAJBIK IPOLECC;
2NO + 0,= 2NO, (aKTHB/lYY KOMILJIEKC);

NO, + SO, = SO, + NO raTanu3aTopAyE IPOIeCCTeH OOJIYHYILTY.

KaranmaaTop cnellu(puKajIblK Taacup 3TeT, 6. a. OHp 2Jie peaKIH-
HBI KaTaJIU3aTOPAVH 6apAbITEl OUpAeH Te3feTe oepbeitT. TeckepUCcHUHYC,
TYPAYY KaTaJIH3aTOPJI0PAYH TaaCHPH MEHEH 6up 2J1e 3aT ap TYPAYY HPo-
AVKTYHY ITala KbLIBIIIBI MYMKYH. Mucasipl, KaTajau3aTop KaTapbelH/la
Al,0, KaTsIlICa, STHI CIAPTH STHJICH/M JKaHa CYYHY naiiia KblJIYy MeHeH
aXKbIpamT:

Al O

kY
£

KartaausaTopy ske3 ke KYMYHI 60JICo YIIYJI 3JjIe CIIUPT YKCYC aJIb/Ae-
rUIMHE JKaHa CYYTEKKe a’KbIpanT:

C,H.0H —% > CH,COH + H,

KaTasM3aTopsIopro K23 6Mp 3aTTap/bl KOIIKOH/O, ajlap/AblH TaacH-
pu KydeiT. MBIH/Ial 3aTTapAbl IPOMOTOPJIOP K€ AKTHUBJCIITHPIrAYTED
men atamar. MEcaabl, TEMHApPre I[eJ09Tyy MeTaLIap e MIeI104TyYy AHED
MeTa/IAapbIHbIH OKCHJJIEPUH KOIIICO, AHBIH KaTATA3/100TY TaacUpH ad-
naH KydouT. Koo Oup peaknusaIapAblH bLUIAAM/BIIB] CHIPTTAH KaTaJnu3aTop
komryibaca aeje TezjeiT. MbIHAA KaTajId3aTOPAYH POJIYH peaKIMAHbIH
HAThIKAChIHIA Naina 60JroH NPOAYKTYJIap/AblH OMpH aTKapar. Karanu-
TUKaJIBIK IPOIleCCTUH 0YJI TYPY aBTOKATaIU3 eIl aTajlaT. Mmucaisl, KO3Y-
KyJIaK KACJIOTACHIH KaJIUi IIepMaHraHaThl MEHCH OKHCTCHYY peaKIUsChIH-
na maiina 6osroE Mn? MOHY YIIYJI 9j1€ peakIUAHBIH KaTaIu3aToOpy Doy
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scenTeseT. Peaknms GamTajragaa xai Kypoer, apurvese Mn®" HoHL0pY
K000 IoH callblH peaKIs Te3/IeUT:

2KMnO, + 5H,C,0, + 3H,S0; = 2MnSO0, + K,S0, + 10CO, + 8H,0
agToKaranuaarop

§ 4. XUMHAJBIK TCHWICIITHK KaHa aHbI
JKBLJIBIIITHIPYY HIAPTTaphbl

PeaknusiiapAblH HaThIMKacbIHa Taua 00JIoH IPOAYKTYIap/AbIH
Kaifpa TY3/I0H-TY3 63apa apaKeTTelIKeH OAalITallKbI 3aTTapra a’KbIpanlbl
KaliTajlaHMa peaklusjgap el arajar. KautajsaHMa peakIUsjIapra TeH-
JACIITHK abajl MYHO3/1YY.

KaiirasaEMa peakIUsJIapAblH MYHO3/YY 060TOHUOJIYTY — Ka0ObIK CHC-
TeMajaa afArblHa YeruH KypbeuT. Peaknusara KUpreH 3aTTap O9KBUBAJICHT-
THK O;TYOMI0 ajJIbIHCA A3, PEaKIIMAHBIH IPOAYKTYJIapbIH IauJa KeLIyyra
TOJVK sKyMInajgbaiT, 6eJruayy OuMp 4eKKe XeTKeH/Je TY3 KaHa TeCKCPH
YKYPT'OH IIPOIleCCTepANH bUIAaM/bIrsI 6apabap 00yl Kajar.

@ Peakxuyusza xupzen xana arapoarn nauda 6onzon 3ammapdvli KOH-
UeHMPAUUALAPbLILbLIL 0326pbou mypzan abaavt, 6. a. Vi = Vy XHMUAIBIK
TeHJAeIUTHK Jlell aTajaTr. V; — TY3 )KYProH, V, — TCCKEpH KYPI'OH PeaKI[Hsl-
HbIH bLIAaM/bITbL.

Peaknuara KApYYdy 3aTTapAbl apajallThbipragja OMpHMHYHA HpETTe
TY3 KYPrOH peaKIUAHBIH bLIAAMABITEL V| Koropy 060JI0T 1a ara kapama-
KapIIbl )KYProH peakKnUuAHBIKBI Vo, = 0. AJ MU aHYa-MbIHYA pEeaKI[Ms-
HBIH [IPOAVKTYJIapbl TOIITOJO DamITaragjad TapThIll, TECKEPUCHUHYE ara
KaplIbl JKYPIoH PeaKIUSHBIH bLIAaM/ABITE] KOTOpYJIai OaIITauT.

OmeHTHII OTYPYI OMp Me3rujje Ty3 »KYPreH peaKIUsAHBIH bLIJaM-
IBITEI MEHEH ara KapaMa-Kapllbl KYPreH peaKIMAHbIH bLJIJIaM/ABIKTaphI

bapabap 6osyn KaJublmar. bys yaypaa M- V
HaMHKaJIbIK XUMHUSJIBIK TeHACHITHK Ianja
6os1Ay Aell TYIIYHYInYyOy3 Kepek (4.2-cypeor).

Tenpemruk abanra V; = V, MaccaHbIH

TaacUp 3TYY 3aKOHVH IIaujlajlaHyy MEHEeH
KONUYJIYK XMUMHUSJIBIK OPOIeCCKe KOJIJIOHY-

JIYy49y TeHJCIITHK KOHCTaHTAChl YOHAYI'YH
ay1abdbI3:

blnaamMabik

YbakbiT t

mA + nB", | pC + gD 4.2-cypoT. XUMUSANbLIK
2 TEHAELUTUKTMH WapThbl.
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Vi=K[A]" . [B]*; Vo= KJCJ’. [D]¢
Vi =V, Goarouaykras K [A]". [B]* = K,[C]?. [D]* bostoT.

Peaknusisiap/AblH bLIAAMABIKTAPbIHBIH KOHCTAHTAI2PbIH O3YHYO TOII-
TOII, TCH/ICUITUK KOHCTAHTAChIH YbIrapabbI3:

K; [C]° [D]" (upoaykrycy)

‘ K= K, - [A]m -[B]" (bamr. 3arrap) (4.4)

AMMHMaKTBIH Iaiiga Gonayy mapreiaga N, + 8H, < 2NH, reHaemn-
THK KOHCTAHTAachl TOMOHKYYO TYIOHTYJIAT:

[NH ,J*
[N 2] ; [H 2]3
CyVHVH JIUCCOILHAIUACHI YUYH:

K =

BIO-2 Uk OH"

 [H1:[OH ]
= [H.0]

YKaanpIchbIHBIH KaTaJlaHMa peaKIusasIap YIYYH MaccajJap/AblH TaacHp
3TYY 3aKOHY TOMOHJIOT'YYO OKYJIaT:

Pearxuusnvti Hamblizxcacobtioa naitda 601201 npodykmyaapovii (Ko-
appuuuenmmepu dapaxcaza KOmMeopyrzon) KOHYEHMPAYUALAPLLHLLH
K0BOUMYHOYNOPY MeHEeH PeaKuUA2a Kupyydy 3ammapdoti KOHYeHmpayust
AAPbLHbLH KO0UmMyHJYLOpYHYH 63apa Kambvlulbl mypyxmyy YOHOY K.

TeHICIITHK KOHCTaHTachl KOHIlEHTpaluAra, DacbIMra aHa TeMIle-
paTtypara Ko3kapaH/bl.

TeWIeIMTHKTY A BUIBIIITHIPYYHYH IIAPTTAPBI,
Jle-1llaresabe npuHIHOHN

TemnepaTypasbl, DacbIMAbI, peaKIUsAra KUPYYYY 3aTTap/ibIH KOHIICH-
TpalUsiIapblH 63rOPTYY MEHEeH TeHACIITUKTH K bUIBIITHIPYYTa fostoT. By
y4dYH peaKIIMSHBIH KaH/al 1apTTa Ky30re allraapblH, ChIPTKBI YOUPOHYH
TaaCUPHUH dCKe asIbINILIOLI3 KepeK. sHanbIChIHaH TeHJICINTUKTHA KEPeKTYY
YAKKA KBLILIITHIPYY YayH Jle-IllaTesse nprHIUOMHE TasgHAOBI3.

Jle-Illatease npuumon: «JHzepde mendewmuk abardazel mypzan
cucmemaza memnepamypanst, 6acolmovt K. 6. napamemprepdu 0320pmyy
MeleH maacup Imcek, anoa mexdewmux maacup smKer GaxKmopaopzo
Kapama-Kkapuvt 6az2blmKa ¥Colaam.

ByJI apeskeHH TOJYK TYIIYHYY YYYH K22 OMD KOHKPETTYY MHCalapra
TOKTOJIVII KeTeJaH:
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=l {-q

@) IKIOMEPMUKAILBLE PCAKUUR YULYPIL:
N, + 3H, €2NH, + Q (AH < 0)
1. Temmeparypanbin Taacupu. Peakiius 03y »KbUTYYIIVE DOJIYII UbIrapyy

MEHEH J»KYPrOHJYKTOH, TeMIIepaTypaHbl »KOropys;iarcak TeHJCIITHK COJII'0
JKbLIaT, 6. a. malga 60;ITOH aMMHaK askbIpay damITaur.

Ny HIaH e AOEETYE — SN

Jrepjie TeMueparypaHbl TOMOH/IOTCOK, aH/la peaKIIMAHBIH HaThIMKa-
ChIH/Ia OOJIYHYII UBIKKaAH KBLIYYJIVKTYH OpPJAYVH TOJITyprad 60.;100y3, Ha-
ThIMIKAa/la TeHJACIITHK OH »KaKThl KO3/JI0M »KbLJIaT:

N2 - SI-]:J t"roemenneryy 2N H.
4 Fd ]

2. BaceivbIH Taacupu. PeakIMsaHBIH cOJI »KarblHAa 4 MOJCKYy.JIa,
ajl 3MM OH JKarbelHJa 2 MoJjIeKyJia OOJIITOHJAYKTAaH 6ackIM/Ibl () sKoropy-
jJaTcak, TCHAGHITHK 6achbIMBI a3 »KaKThl, 0. a. aMMHaKTHIH naujia 0o.1y-
IIIYH KO3/J10M »KbLJIaT:

x2 4 31{2 P qoroiiTyY }2:\'1{3

AJT 3MHM TeCKepUCcHHYEe 6aCchIM/Ibl TOMOH/IOTCOK, TCHACIITUK COJI YKAKThI,
6. a., aMMHaAKTBIH aXbIpalllblH KO3JA0M >KbIJIAT:

N, + 8H,  Paaityy 9NH,

JAUBIMBIHTEIKTAl aMTKaH/a, aMMHAKTLI KODYPOOK OJIHOMJO aJIbINl
YUYYH DachIMABI OEJIrMJIYY OJI4940MA0 YOHOMTYII, ajl 3MHU TeMIlcpaTypaHbI
a3aUThLINIbLIObI3 KepeK:

N, + 3H,

P yoroiTYY [° TOMOHAOTYY

*2NH,

“PaszaiiTyy {° sKoropyJaaTtw

6) ondomepMUKANLBLKE PEAKWUANBL KAPAN KOPOILY:
N, + 0, 2 2NO - Q (AH > 0)

1. Temneparypansin Taacupu. TeMIlepaTypaHsbl »KoropyJsiarcak, Tep-
MOJIMHAMMKAHBIH NIapPThIHA bLIAMBIK K YOHOCT, HATHIMIKaAja TCHICUITHK
OH/1y KO3/10#, ajl 9MHU TeMllepaTypaHbl TOMOHAOTCOK, TECKCPUCHHYE COJILY

KO3/10M »KbljIaT:
t° JxoropyJsatyy |

N, i+0; " 2NO

2 t°ToMOHJNIOTYY

2. Bacervjisia Taacupu. Peaknusira KaTelIIKaH »KaHa naija 60jrou
MoOJIeKyJlajlap/iblH caHbl Oapabap OOJI'OHJIVKTAaH, TeHJ/ICIITHKKe 6achIv

TaacUp dTIEHT.



X UMM SUIBIK TOHICNITHKKE KOHIeHTPAIMAHBIH TaaCHPH

Mcabl, YKCYC KMCIOTACHIHBIH JJICKTPOTUTTUK AUCCONMATAACHINA
CH,COOH 2 H=FCH CO0O"

[CH,COO | menen [H" ] oarepyysiopy TY3AOH-TY3 TaaCHpUH THUTIHU3eT:

a) IPOAVKTYHYH OMDH, MHCAJIBI [H"] azaiica, AuccorHanus IpoIec-
CH OHI'O KbLJIAT.

MbIHIail IIpoIlece YKCYC KUCIOTAChIHA a3blpaak CaH/larbl HICI0RTY
korrkono umke amar: H™+ OH = H,O.

6) NIPOAYKTYHYH DKMHYHUCH, MUCAIILI CH,COO »xoropyJjaTcak, AKC-
colMalli s IIPOIEeCcCH COJIro KbLJIaT.

MpIEZall mpollecc YKCYC KHCJIOTAChIHBIH JPUTMECHHE Kyprax Tys
CH,COONa xomicox Gaitkasar. Cebedu Ty3 KYUTYY JICKTPOJIHUT DOJIrOH-
nykrad [CH,COO"] oH »xakTa Kol TOITOJIOT:

+ OH"
CH,COOH ____H'+ CH,COO
< + Ty3 3

7Koropyaa aiiTbLIrag/lap/ibl dKbIABIHTHIKTAIl TOMOHKY KOpPYTYH/AYJapra
Kejebna:

1) peaknusara KMpres 3aTTapAblH GUPHH TOJYyI'ypaak Ianjajlanyy
YIYH aHbI MEHEH 03apa apaKeTTellKeH IKMHTH 3aTThl alllLITBI MEHEH ajIyy
KepekK;

2) peaKIMIHBIH HaThIMKAChIH/IA naiaa 00JIroH NPOAYKTY Iap/Abl KON
OHJIYPYII allyy/la ajgapjbl peakIHsd KYPYIl KaTKaH YOUPOJIOH UbITapblll
TYPVY KepekK;

3) TeHAeUITUK KOHCTAHTACHIHBIH TeH/ICMECHH KOJIJOHYII peaKkIus-
HBEIH ONTUMAJIAVY IIapTTapblH aHBIKTANl, aHbIH JKYDYIIYH pamkapyyra
00JI0T.

X IMUASIIBIK TCHACIITUKTHH MIAM-U3HII/I00 HIITePHH/IC 2KaHa ap KaHt-
fail IpaKTUKAJILIK MIJIJIETTep/id aTKapyy/aa MaaHUCH TOH. Typayy Temie-
paTypa MeHeH facbIM/la CUCTCMAHBIH TCHACIITHAK a0aJIbIH aHBIKTOO XH-
MHUSJIBIK IIpOIecCTepAr 3 KYPry3YYHYH, TCXHOJJIOTHIIBIK IIpolleccTep-
AMH cXeMaJlapblH TY3YYHYH, 3JI yapbachlHa KepeKTYY 3aTTap/bl OHAYPYY-
HYH S9KOHOMMKAaJIBIK JKaKTaH ap3aH HIapTTapbIH AHBIKTOOI'0O MYMKYHAYK
oeperT.

§ 5. DpuTveiep KaHa ajgapAblH KOHIEHTPAINAIAPDI

DKU 7Ke aHAAH KO KOMIIOHCHTTCH KaHa aJapAblH IPOAYKTY Iapbl-
gpaH (coJbpBaTTap, rMApPaTTap) TYypral rOMOrCeHAYY cucTeMa dpuTMe jiell
arajiaT. JpUTMe KaTyy, CYIOK KaHa ras abanpIEaa 0051y, D9PUTKHUYTCH
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’KaHa aHJla 9PUTeH 3aTTapjaH Typar. 3aTTap/iblH 6ap/bIrsl oup/ied arpe-
raTThIK abanaa 60Jico, KOOYPOOK ajILIHIaH KOMIIOHEHT I9PMTKHY, a3blpaa-
rel — apureH 3art 6osaym acenteser. Mucansl, 80 s cyy KaHa 20 man
COUPTTEeH TypraH aputMe 060JcOo, CYy — 9PHMTKHY, CIIUDPT — IPHUICH 3aT
boJtoT.

dpeske KaTapbl MOJICKYJlajlaphl YIOJICY3 SPUTKHYTCP/IE VIOJICY3 KaHa
a3 VIOJIAVY 3aTTap, ajJ d9MH VIOJIAYY 9pUTKHUYTEep/e — HOHAYK KaHa yIoJI-
vy 6ailagbIIITYy OMpHKMesep KaKIIIbl 9PUHT.

OpHUTMEHMH KOHIEHTPAIIUSCHIH OMIOei TypyI ara caH/IbIK MYHO3/16MO
Gepyy MYMKYH 3Mec. DpummMeHuH e pumrKuwmuhn Oenzunyy Oup
onvemyndezy (macca, KONOM ) Ipuzer 3aMmMublH Canblit (2,2-MONb, 2-3K8. )
MYIOHMKAH YOHOYKMY KOHIEHTPALMSA /lell aTaibbI3.

KoHIeHTpausHbI TYIOHAYPYVHYH ap TYPAYY bIKMaJjapsl 0ap, ajap-
ABIH MYHHEeH JabopaTOpPHsJIBIK IPaKTHKaZa KON KOJJAOHYJITaHJaphl
TOMOHKYJIOD: MAacCaJbIK YJYLI ’Ke IMPOLEHTTHK KoHuentpauusa. 100 2
IPUTMeEJIe IPUTeH 3aTThIH rPAaMM CaHBI.

OpHUreH 3aTThIH MaccasJbIK Yaynry (N). OpHreH 3aTThIH MAaCCaChIHbIH
YKaJIIIbI SPUTMEHHH MaccachblHa 60JIPOH KaThlIbIHA Oapabap, YeHeM Oup-
JIATH KOK, YOHJAYK KaTapbl aHBIKTAJBIN 2kKypeT. Mucanusl, 100 z spurme-
ne 5 2z spureH 3aT 6osco, aHBIH MaccaJgblk yaymy N = 5/100 = 0,05ke
6apabap. AJI MU IIPOLEHTTHK KOHI[EHTPaIMAChl — 5% .

AMpEIM OKYY KHTeIITepUH/Ie IPOEeHTTHK KoHIeHTpanusd (% ) MeHeH
9pPUTeH 3aTTHIH MaccaabIK yaymy (N) OMpaeit 4oOHAYK KaTapbl KapaJblll
YKYPOT. BUPOK IPOLEHTTHK KOHIIEHTPAIIU JIereH TYUIYHYKTY 9PUI'eH 3aT-
THIH MACCAJIBIK YJIYIIYHOH aibIpMaJsiall Kapoo bIHramayy. Meiagai 60J1-
POH y4Yyp/la KOTopyZa KeJTUPHJITeH MUCa/larbl 9PUTMEHHUH IIPOIEHTTHK
kornerrpanusacel C, =5/100-100 = 5% ke 6apabap 6o.0T.

4.1-macete. [IponenTruk KoHnearpanuscsl 10% 6osron 500 2 kai-
HaTMa TY3JVH 3PUTMCCHH Jlasgpiall Y4YH KaH4Ya IrpaMM Ty3 KaHa Ccyy
aJIBIII Kepek?

Yutzapyy: a) 1002 57102
200 2 X

x =500-10: 100 = 50 e.

0) 5002 — 502 = 450 2

Hooby: 500 z 10%tyy NaCl spurmecurn pasippoo yuyn 50 2 NaCl
ny 450 2 cyyra spUTHINHOU3 KepeK.

4.2-maceste. Irepae 15 2 NaOH 3895 2 cyyra spuTcek, agjia dJpurme-
JICTH DPUTreH 3aTThIH MacCCaJbIK YJIYIIy KaH4ya 00;10T?
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Yuizapyy: a) OpUTMEHNH KajIIIbl MAaCCACBIH Ta6a05bI3:
15 2 + 385 2 = 400 e.
6) [llapt GoloHYa NPOIOPIUA TY300Y3:
4002 . ko2
100 2 X x =100 - 15 : 400 = 3,75%

Kooby: 100 z spurvezne 3,75 2 NaOH aspun >KYProHAYKTOH NaOH
THIH MaccaJbIk yaymry 3,75 : 100 = 0,0375.

Dpummenun mMoaAapoyy KOHUeHMPAUUACLL Hee Mmoaspoyyayzy den
1 aump apummedezu 3puzer 3aMmMblH MOAYHYH CAHbL AMaran. Mucaisl,
1M, 2 M xaHa 0,1 M KYKYPT KHCJOTAChIHBIH OpUTMEJICPH ACTCH 1 s1uTp
oputveje 1 z-moav (98 2), 2 2-moab (196 2), 0,1 z-moab (9,8 2) KYKYPT
KHCJIOTAChI IPHUII myp'rounyryu KOpPCOTOT. Jrepjie dpUreH 3aTThIH MOJY-
HYH caHbl (n) »kaHa kosoMy (V) 6earuiayy 00,1C0, OQPUTMCHHUH MOJIAPAYY-
JIVTYH TOMOHKY (opMYyJla MEHCH aHBIKTaN6bI3: M =n/V.

4.3-vmcaur. 23,4 2 Na,SO, cyyra opuTKeHjaera kojxomy 125 m.a 60i-
rOH OPUTMCHUH MOJISIDAYYJAYI'YH aHbIKTarbLIa.

YsIrapbUIBIIIBL: a) Na,S0, MoJIyHYH CaHbIH TababbI3
n =m/M = 23,4/142 = 0,165 moxab
0) 125 ma 0,165 moab
1000 M. X MOJb

x = 1000 -0,165/125=1,32 M

DPUTVMEHUHE HOPMAJUIYy KOHIEHTPAIMACHL Ke HOPMALIYY YTy JCH
1 aump spummedezu 3puzer 3amMmoli ZpAMM-IK6UBALENM CANbL ama
aam. Mucansl, 11, 0,51, 21, H,SO, aputvmecu 1 zump spuT™mMe/ie 1 2-5K6
(49 2), 0,5 z-9k8 (24,5 2), 2 z-oxe (98 2) bap OKEHAUTHH TYIOHTAT. Ta-
TaaJI 3aTTap/bIH I'PAMM-IKBUBAJICHTTHK MacCachlH TOMOHKY dopmysiasiap
apKbLIYyy Tadyyra 00.10T:

r-okB,_ = M KHUCJ/HEIH3AYYIYK; P-DKBHS04 = 08 : 2 =49,

r-okB___ = M Herusa/KeruaTyYYJIYK; I-dKBCa(OH),™ 74 : 2 = 37.

r-sKB = M /K B ; I-0KBAs04)3= M:2-3=342:6 = 56,1.

MpIH/I2aH 0alIka, P-dKBHUBAJIEHTTH TaObIII YIYH OepuJIreH XUMH-
JILIK pCaKIIMSIHBIH JKYPYIIIYH 3CKe a;1a05I13.

M:, Mg(OH),~H,S0,=MgS0,-2H,0. MpIH/Ia I'-3KBMgOH), = M: 2.
A svn 2 Mg (OH ), ~ H,S0, =( Mg OH ), SO, + 2 H, O peaknusi Y4YH
P-9KBygom,= M : 1. Bepuiiren peaxkusiia Mg(OH), kucj10Tasyyjayry aHblH
aJIMaIIbLITaH THAPOKCHII rpyiliackiia 6apabdap 00yl aJlbIH/bI. YIIyH-
nait os1e bIKMAa MeHEH OKMCTEHIUPIUY-Kalbl0bIHA KeJITUPIUYTep/HH SKBH-
BaJICHTTHK MaccachIH Talcak 60JI0T.

9KMnO,+ 10FeSO,+ 81,80, = 2MnS0,~5Fe(S0,);~ K,S0, ~ 8H,S0,

Mn*"+ 53¢ ——> Mn™® > - 2 OKHCTECHAUPIrAY
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ca, aJI MOJIEKVYJIajlap MEHEH CYVHYH VIOJYY MOJIEKYJIaJlapbIHbIH OPTOCYH/A
37IeKTP-CTATHKAJIBIK JUII0Jb-AHIIONAYK TaaCup/ieH Oy3yayIl, ruApaTTan-
KaH MOHAOPro aKbIpaiiT (4.3-cyper). drep/ie SpUTKHY CYY/aH parnka 3aT
6oJIico IIpollecc cojbBaTalUsA Aell aTajar.

JpUTMeHNH OyyCcyHYyH 0achbIMbl, TOHYY
JKaHa KAaHHOO TeMIlepaTypaJiapsbl

Taza CYIOKTVKTYH YCTYHZOry OyyCYHYH 0achIMbl ap OUp TeMIepary-
paja 6ejrmiyy 6Mp MaaHure 39 DOJOT. drep/ie CYIOKTYKTa KaH/JAauAbIP
6Up 3aT IPUIL KYPCO, AJl CYIOKTYKTYH OYyyJIaHYYCYH azanrar. OIMOHAVK-
TaH, TYPYKTYY TeMIepaTypaja 3pUTMeHHUH YCTYHIOTY 9pDUTKHYTHH oyy-
cyHVH b6achIMbl (P) Taza 9pUTKHUYTHH YCTYHIAOTY baceimaal (P,) faubiMa
a3 60J10T. DPUTMEHHNH KOHIIeHTpaNusAChl KAHYAJIBIK KOI'OpY 0oJicO, aHBIH
YCTYHJIOTY 3pUTKHUYTHH OyyCYHYH DachbIMBI OIIOHYOJIYK a3 posor. O1I0H-
AVKTaH, KeJeMzepy Oup/ell Ta3a SpUTKUY MEHEH 3DUTMEHHN a9bIK HUIIITC
9pKHUH OyyJaHTCaK, 9pUTMere Kaparaija Tada 3pUTKHY TE3HPIIK Oyy-
sanar. [leMek, apuTMe maijga 60JTroHJ0 AalbIMa P<<P,060y0T, MBIH/IA
P, — Ta3za 3pATKUYTHUH YCTYH/OT'Y DPUTKHYTHH 6yycyHVH 6achIMbI, P —
3pPUTMEHHUH YCTYH/IOTY Ta3a 9PUTKHUYTHH OYYCYHYH DacbIMBIL.

OpPHUTMEHHH YCTYH/IOTY 9PUTKUUTHH OYYCYHVH OachIMBIHBIH a3aubl-
mbl P<<P, coJpBaTanus ke rujipaTaiisd IpoIecc MeHeH ThIKbI3 Daia-
HBIIITYY (4.4-cyper).

3 AR =
+ +
% -
r v \ r \
+ + > - -
+ + + + +
e . i - = ————:- —— ——
+I+1H) () (HH (R LT i) = - = *
+ + + o ~
{ + .
SR O R A e & T 2
- <+ =
+.l + 1 5 - — wr +
¥ HEEEG + ¥ = e
) &) + O “ -
L 5 6 + = A=
+ + iy | — e
it _;_' + ht'+ * * e -
n +‘k + +ff.'£:'-""'*. + +i— g NS -
- +} = P .-'.+::+ = = -
4 T+ w0 S RO [ = =~
LA Gy e S € ++ = == ®m =

4 4-cypoT. JPUTKMY XaHa IpUTMEHUH YCTYHAOIY
IPUTKMYTUH ByyCyHYH bacbiMbl.

I'mapaTanusi IPOIeCCHENH HaThIMKacblHAA (I = const Me3ruJjujue)
OPUIeH 3aT S9PUTKHUUYTHUH MOJIeKYJIaJlapbIHBIH OeJIruiIyy o194eMaery oey-
I'YH O3YHYH Terepervsje kapmam kaja ajgaT. OUmIoHAYKTaH P<P,, nemMex
fachIMJIBI KOTOPYJIATYY YUYYH KOILIyM4a Jarsl bICBITYY Tajlall KbLIbIHAT.
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2) spATMelern MOJIAPAbIK KOHIEHTPAIHsChIH TabadbI3.

a) 40z NaOH ——— 1 »
42 NaOH —x ™

x=1-4/40 = 0,1 » spuT™e

m-1000  2-1000
6) Popmyna Golonua: C = ——— = 757550 = V1 M

-

4.7-macenxe. 3% Tyy ke dopmyaa 000HYA KYKYPT KHCJIOTAChIHbIH
(p = 1,26 2/ma) MOJIb KOHIICHTPAUACHIH 3CEIITEIHIIE.

YrIrapyy: a) 1z 35% KHCJIOTAHBIH MaccachblH TababbI3:
p=m/V > m=pV =1,26-1000 = 1260 ¢

6) 100 z spurmene —— 35 2 H,S0, boico
1260 2z apurmese ——— x 2 H,S0, 6ap
x = 441 2
B) 98 2 H,SO, ——— 1 »
441 2 H,SOy———x M
x=4,9Mm

JpYy npoieccuHaeru (hu3anKaIbiK, XUMHAJIBIK
KyOyJrymrap

Dpyy IpollecCHH/Ie XUMUAIBIK 2KapaThUJIBIIIBI ap TYPAYY 9PUTeH 34T
MEHEeH 3DUTKUUTHH 0OJIYKYeJepYy o3apa apaxKeTTeHHIIeT. HaTtsrit>xana,
SPUTEH 3aTThIH CHIPTKBI OeTHH/erH HOHAOD ’Ke MoJeKyJlajap KPHUCTaJLI-
IbIK TOPYOHYH HUKHK OJIYKUes1epy MeHeH OalaHbIIIbl HadapJjal, -
paTTallKkaH HOH TYPYH/I® CYYHYH MOJIeKYJlaJapbIHbIH farrasaMaH KblH-
VMBIIBIHBIH TAACHPUHEH PUTKUYTUH YOHPOCYHO ANDPY3HsIaHbIIIAT.

OlLIeHTHII, 9PUTeH 3aTThIH KPHCTAJJIbl alpPbIM M'MAPATTAIIKAH HOH
’KaHa MOJIeKyJlara ajkKbIpall cyy MeHeH IOMOreH/1YY CHCTeMaHbl nmaija Kbl-
JaT. drepje KaTyy 3aTThIH KPUCTAJJIAAaPhl VIOIAYY MOJIEKyJlallap/laH Typ-

4 .3-cyport. MloHaopayH ruapartauuscobl.
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ca, aJI MoJIeKyJiajap MEHEeH CYYHYH VIOJIIYY MoJIeKyJlajlapbIHbIH OPTOCYH/IA
3JIeKTP-CTATUKAJBIK JUII0Jb-AUIIONAYK TaaCHP/eH Oy3yJIyII, rujIpaTTalil-
KaH HOHAOPro asKbIpailT (4.3-cyper). drepjie 9pUTKHUY CYy/laH Dammka 3ar
foJjico mpollecc cojibBaTalusa el aTajlarT.

JpuUTMeHHH OYYCYHYH 0aChIMbI, TOHYY
KaHa KaMHOO TeMIlepaTypaJapsbl

Taza CYIOKTVKTYH YCTYH/Ory OyyCYHYH 6achIMbl ap OMp TeMIepary-
paja 6earmiayy 6mp MaaHHre 33 DOJOT. drep/e CYIOKTYKTa KaHAauabIp
6P 3aT IPHUII KYPCO, aJl CYIOKTYKTYH OYYyJIaHYYCYH azaurar. OImoBAVK-
TaH, TYPYKTYYV TeMIepaTypaja 9pUuTMeHHUH YCTYHAOTY SpUTKHYTHH byy-
cyHYH 6achIMBbI (P) Ta3a 9pUTKUYTUH YCTYHIAOTY baceiMaaH (P,) naubivMa
a3 60JI0T. OPUTMEHNH KOHIEHTPAIUACHl KaHYaJIbIK JKOTOPY 00J1cO, aHBIH
YCTYHJIOTY 9PUTKHUUTHH OYYCYHYH DachIMbl OIIOHYOJIYK a3 bosor. O1I10H-
IVKTaH, KeJeMaepy Oup/ei Ta3a S9pUTKUY MCHEH 9PUTMEHHN aYbIK HUJUIITE
SpKHUH OyyJaHTCaK, 9pUTMere Kaparanjia ra3a 5pUTKHY TE3UPIIK oyy-
ganar. JleMek, apuTMe mmaiga 60JITroH/0 AalbIMa P<<P,60s0T, MBIHJIQ
P, — Taza 3pUTKUYTHUH YCTYHAOTY 9PUTKHITHH OyycyHYH bacbIMbl, P —
3PHUTMEeHHUH YCTYH/OTY Ta3a 9PUTKUYTUH OYYCYHYH DaChIMBI.

DpPUTMEHHH YCTYH/OTY 9PDUTKHUUTHUH OYYCYHYH OachbIMBIHBIH a3aubl-
mbl P<<P, coipBaTamus »ke rujipaTanusa I1porecc MEHeH ThIKbI3 bamna-
HpIITYYV (4.4-cyper).
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4 4-cypoT. DPUTKUY XaHa IpUTMEHUH yCTyHaery
IPUTKMYTUH ByyCyHYH BacbiMbil.

I'mapaTanus NpolleCCHHUH HaThlizkacklH/a (t = const Mearuize)
OPHUIeH 3aT DPUTKHUYTHH MOJIeKyJajJapblHbIH OeJIruiIyy eadomMaory 6oy-
I'YH O3YHYH TereperuHje kapMamn kaja ajar. Omonaykran P<P, neMex
HachIMJIBI YKOTOPYJIATYY YYYH KOLIyM4a Jarsl bICBITYY Tajlall KbLIbIHAT.
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§ 6. DIEKTPOJIHUT IMEC KaHa IEKTPOJIUTTEPIHH
KacueTTepu

DpHUreH 3aTTHIH KapaThLIbIIIbIHA Kapalla 3pUTMe dKHUre 0OJIYHOT:

1. DIIeKTPOJIUT dDMecTep, CYyAa 9pUreH/ie MoJleKyIajlapra aykbIpaur,
3JIEKTP TOI'YVH OTKOPYIIIIIOMT:

JiaekTpoauT amec + H,O —— MoaeKkyaagap.

2. DJIeKTPOJIATTEDP, CYYAa apUreHe oH (+) ’KaHa Tepc (—) moHgOPro
A KbIParaHAbIKTaH, ajJap 3JeKTP TOIYH OTKODPYIIOT:

daextpoaut + H,O —> oH (+) »kaHa Tepc (—) HOHAOP.

Cyycy3a KucJoTaadap, Kyprak Tys3jap, Heruszep »KaHa Tasa AuCTHII-
JIMpJIEHTeH CYy 2JIeKTp TOT'YH oTKepOeiT. Jrepjie cyyra dup a3 Ty3 xe
falIKa 2JEeKTPOJUT CaJbIll 3PUTCEK, OLIOJ 3aMaT JaMIo4YKa KYHeT, ajl
OMH Kailpa 2JIeKTPOAAOPAY KAHTTHIH JKe DalIKa dJIEKTPOJIUT 3MeC 3aTThIH
SpUTMeCHHe caJICak JaMIo4YKa Kyioeiur. OmeHTun 0y Taxpbeindaiap-
JBIH Her'3uHJle TY3AapAblH, KUCJI0TaJapAblH, Her'u3/IepAUH Cyy/arbl 9pHT-
MeJIepH dJIeKTP TOTYH 6TKOpPOpPY aHbIKTAJIrTaH. JPUTMeIepH dJIeKTP TOI'YH
OTKOPIOH 3aTTap 2JIEKTPOJHUTTED, ajl 3MH 3JIeKTp TOIYH OTKOPOOreH/1ep
3JIEKTPOJIAT MecTep Aell IIapTTyy 06JIYHI'OH.

DIIeKTPOJUTTUK AUCCOIMALNA TEOPUSCHI

DJIeKTPOJINTTEP CYY/a dpUreH e HOHAOPAY I1ai/ia KbLIapbl JKOHYH/IOI'Y
oiay e xuMura C. Appernyc (1887-2K.) 63YHYH 3JIeKTPOJTUTTHK AUCCO-
[IAAIMUS TEOPUACBIHA HEeIM3ru K000 KbLIBII aJIr'aH.

AppeHUYCTYVH 3JEKTPOJIUTTHK Ke HOH/IYK TeOPHACHIHBIH HeI'H3TH KO-
00JIOpY TOMOHKYJIOD:

1. DJIeKTPOJHATTEPANH MOJIeKyJlaJaphl Cyy/ia apareHzie HOHA0Pro axbl-
paiiT. Ap OUp 2JeKTPOJIUAT OH KaHa Tepc 3apsAAAYYy HOH Iau/a KbLIaT.
Mucasus, HNO; 2 H* + NO, . 6. Horznop xenexeit K, H", 0%, C1,
raraan OH-, NO;, SO, NH;, [Cu(NH;3),]*" 6oaymy MymxyH. Morza0p-
IVH OH 3apsA/ibl MEHEH Tepc 3apsA/bIHbIH cyMMackl 6apadap 00JITOHAYKTaH
3pHUTMe JIeKTp KaKTaH HedTpanaayy 6oJor (4.5-cypor).

AHon Karon

KatuoH  AHMUOH

4.5-cypoT. AHWOH MeHeH KaTUOH-
[IOpPAYH 3NEeKTp TanaacbiHAa XbiNbilbl.
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2. NoH1I0p/IVHE KacHeTTepH MoJjleKyJla ke aTOM/IOp/IVH KacueTTepuHe
TaKbIp OKIIo6oiiT. Mucansl, MoJeKyadaaslk cyyrek (H,) cyyaa spubenr,
aJ1 sMH cyyTeKTHH noHa0py (H+) cyyza ere Ken 6oaymy MymMKYH. Kaiun
mourzopy (K+) cyyra Taacup aTHEMT, ajl 9MHM MeTasJl TYPYHJAOrY KaJuH
(K°) cyyzaH CyyTEeKTH CYPYIl YbIrapbll, KaJWH I'MIPOKCU/IMH Ian/ia Kbl-
jgar. F-, Cl, Br, I #moHZOpy TYCCY3, KBITCHI3 0DOJIYKYOJI6D, ajl MU 3DKHUH
abangarsr C1,” capbl CYIOKTYK, Br,’ KeCKHH KBITTYY KEeHUJI YIYII KeTyydy
KOYKYJI-KbI3BLI cylokTyk. OH™, NO ; , SO .2, PO;° mor0pY 9pUTMeIIep-
e raHa 60JI0T, 3pKHH abaja Ke3/lelIIenT.

3. DpUTMe apKbLUIVY TOK OTKOH/I® HOH/I0p KapaMa-Kapllbl 9KHA 0arsIT-
Ka: OH MOHJOp KaToAro (KaTHOHJOpP), Tepc HOHAOP aHOAro (aHMOHJI0p) Oa-
IBITTAJIBII KBLIAT. JJIEKTPOJAOPro »KeTUII MOHJO0p 3apsA/iblH, aHbl MEeHEeH
OUpre 63yHe MYHO3/lYy KaCHeTTepUH »KOoroTyuiar.
. DpumkuumuM maacupu MeHeH IAeKmpoaummepour woHAopzo axvLpa-
Wbl BNEKTPOJUTTHE JTUCCOIMAIIMA Ke HOH/IONILYY Jell aTajlaT, KaJIJUMKH dJie
XHUMMSUIBIK TeHJleMeJlep MeHeH TYIOHTyJ1aT. Mucaisl,

NaCl 2Na++:Cl=; KMnO, 2 K"+ MnO ,

T'udpokcuddep duccoyuayuscot. 'UaApOKCH]] 3JIeMEeHTTHH OKCH/IMHHUH
CYY MeHEeH OMpHuKMecH. A3bIPKBI Me3TrijIjie KOIUYJIYK 3JIeMeHTTepJIuH I'u/I-
pokcuaaepu 6enruayy: 3(OH),, MpIHAa 9 — THAPOKCHUAAM Nal/a KbLJITaH
3JIeMeHT, Nl — 3JIEeMeHTTHH OKHMCTEeHYY Japarkachl yKaHa 'MJIpOKCH/] I'pyII-
naJlapblHBIH CaHBI.

Bepuires ruIpOKCHAAAH KHUCJIOTA 2Ke Hernare TaaHABIK d9KeH/IUTH,
aHBIH AUCCONMANMAJIIAHYY MYHO3YHOH aHBIKTaJIaT. Jrepje Oepujred ruj-
pokcuz OH™ — moHyH naiijja KbLJIYy MeHeH JHCCOIlHallusaJIaHCa — Herus;
H*' — maiaa KepliIca — KucJora, mmapTeiHa sxkapama OH™ — noHg0pyH 1a,
H' — moH0pYH Ja maija KeLica, am¢posut 60J0T;

Herunsaue aucconuansichbl: O0H 23"+ OH
KucenorasbsIH AAcCOIHAIIAACHL: O0H Z2H+ 30"
AMGOIUTTHH THCCOLMAIIMACHL: O0H 2 97+ OH-

IJOH 2H "+ 90°

Jrep/ie 3JIeMEeHT OUp Hede T'HAPOKCHJI ITaiifla KbLIca, ajlapAblH OKHC-
TEeHYY Jlapa’KachIHbIH KOTOpyJallbl HerM3JAUK KaCHeTTepUHHUH a3aublll,
KHMCJIOTAJIBIK KAaCHeTTePUHUH KYUYOLIYHO aJbll KejeT. Ajcak, Fe(OH),HuH
Herus3AuK Kacuerrepu Fe(OH),; canplnmureipMa KYUTYY; KYKYPTTYY KHCJIO-
rara (H,S0;) kaparagga KYkypt kuciaoracsl (H,SO,) kydTyy KHcjoTa.
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Harpuit MOHYHYH 3aps/ibl KHYMHE, PaiHyCy JOH ooarogaykras NaOH
KYUTYY HErH3:
NaOH 2 Na*+ OH

Harpuiire kaparaaaa Mg*" 3apsapl 9K 9Ce 90H, pAILyCy KUYUPIIK
6OJNTOHAVKTAH MarHuil r'MJIPOKCHIM HaYap Herus, cyy/za as DPHUMUT:

Mg(OH), 2 MgOH™+ OH

MarHuiieH aJIOMAHUNIME 3apAAbl YOH (Al*+), paguycy KH4YHHE
GOJTOHAYKTAH THOTYY aM(OJIUT 00JIyH 3CenTeIeT. AHIaH KHHUHKH 3JIe-
MeHTTepAXH MOHAOPYHYH 3apAapbl yjaM YOHOMOI PajinyCTaphl KMHH-
pefuIl, VIOJIAAUITEIRYY KYITODPY K00OMYII OTYPrasAbIKTaH I'I/IPOKCHANIED-
IMH KHACJOTAIBIK KacueTTepy KydoilT. H,S10; — Havap KUCJI0TA, H,PO, —
opTo Kyutyy Kuciora, H,S0, — KY4TYY, HCIO, — abnaH KY4TYY KHCJIOTa:

HzSO4 < A 6 Uil 5 SOi_.

Herusauk ke KUCIOTAJbIK KacHeTTepAH a4YblK KOPCOTKOH I'HIPOK-
CHAZep Cyy/Aa ’KaKIIbl JPUHUT, ajap/blH ANCCONHUAINACHIH TOMOHKY/10U
KepcoTYyre DOJIOT:

3H*+ AlO:" 2 Al(OH), 2 Al + 30H"

KyuTyy skaHa Hadap 3JEeKTPOJIUTTEP

DJIeKTPOJHUTTUK ANCCOIUAAIINAHBIH KajiTajJaHEMa IIpoliecc 9KeHUTH
sxoHYHIOTY oKyy C. AppeHnyc TeOPHACHIHBIH 9H MAaaHUIIYY »KOOOJIOPYHYH
oupu 6osyn acenrtesaer. OIMIOHAYKTAH 3aTThIH MOH/IOPIO a’KpIpallbl JUC-
collMaIus el aTajca, HOHJAOPJAVH Kaupa MoJjeKyJjara OMPUTHIIHA MOJIA-
pu3alnus em arajar.

IUCCOIIHAILUA

4 i =
KA MOJ’IHPHS&L{HH'K + A

Moasipu3alis KapaMa-Kapiibl 3apA/iajrad HoOHAOPAYH 3JIeKTp-CTa-
THKAJBIK TAapThLIVY KY4TOPY MEHEeH apTTajar. OmeHTHII, OEPHJITEH ap
6P MOMEHTTE 2JIeKTPOJIUTTHH d9PUTMECHH/IC IPUTEH 3aTThIH HOHJIOPY Me-
HeH KaTap «MoJjleKyJjajapbl» a 60s0T. MOHAYK 6upHuKMesIep YIYH MOJIH-
pHU3anud IapTTYy TYHIYHYK.

DJIeKTPOJIATTEP 9PUTMECHH/Ie TeH/IeIITHK abaJI Te3 3JIe KeTHIInJIeT.
MbIH/a HOMSpH3alUsijaEral 66,1YK4eI0p MEHCH TA/IpaTTalIKal HOHAOD-
JIVH KOHIIeHTpallisIapbIHbIH OPTOCYH/A yOaKBITTHIH ap OMp MOMEHTHHE
»K00Il OepreH CaHJIBIK KaThIIIbI posioT. Bys1 KaTellll JUccoAanus Aapa-
yKaChIH TYIOHJIVPAT /Ia @ MeHeH OeJIruIeHeT.

@ Hondopzo ancotpazar MoneKyaanrapoblh Harnvt IpUmyyzo ai1blHean
3aMMbLH MONCKYAANAPbLHbIH CAHbIHA 60N20H KAMblULbl TUCCOITMALIAA 1A~
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pazkacsl jen artajar. AnarTa OUpAUK YJIYIITOPY e IPOLUEHT MEHEH TYy-
IOHTYJIaT:

100, (4.8)
N

0 =

MbIEAa N — 9pHTreH 0O0IYKYOJIOPAYH 2KaJINIbl CAHbL; 71 — HOHJ0Pro arxbipa-
raH 06J1YKYOJIOpAYH CaHBbI.

DJIeKTPOJUTTHK AUCCONMANUSA Jlapa’kacblHa Taacup aTYY4Y HEru3ru
[IIapTTap TOMOHKYJIOD:

1. DJIeKTPOIMTTHH RapaThlibiiibl. KoHIEeHTpaIUACH] bupaeu 00JI-
rog HCI, CH,COOH ancconmanus fapaxkajiapbl bamkada. JJeKTPOJIHUT-
TepAH JUCCOIMAIINA JaparKacblHa sKapala KY4dTYY (>30% ), opTO4O KYUTYY
(=2 - 30%) xana Havap (o < 2%) 3JIEKTPOJHTTEpP A€l MIapTTYyy
6O IYIIOT. DJIEeKTPOJIUT dMeC 3aTTap MOH/IOUIIIOTOHAYKTAH O = 0 Gosor.

2. DPUTKMYTHH KapaThLIbIIIbI. JPUTKHYTHH MOJIEKYJIaJlapbIHbIH
VIOJAVVJIYTY KaH4aJIbIK YOH 60JIC0, OIIOHYOJIYK HOHJIOIITYPY YUY HKOH/IOM-
AYYJIYTY 2koropy 6osor. Mucajbl, CYyTeK XJIOPUAH 0eH30J1/10, TOJYOJI/I0
ke famrka VIOJICy3 3PUTKHYTE 3PHUT, OMPOK MOHJ0PTro a’xpIpabauT, a
9MH cyy/a >KaKIIbl HOH/OIIIOT.

3. DPUTMeHHH KOHIEHTPAIMACHI. JJEKTPOJUTTUH IPUTMECHHHUH
KOHIIeHTPAIlMACHIH 03rOpTYY AHCCOIMAIMSA JapaKacblHa ab/laH YOH Taa-
cup areT. KOHIIEHTpalUAJIYY 9pUTMeEJIePAN CYIOJITYY ANUCCOMAIINA Japa-
’KachIH KobeunToeT. Mucasbl, KYKYPT KHCJIOTACBIHBIH KOHIIEHTPAIUAIYY
3PUTMECHHUH JUCCONMAIlMs Aapa’kachkl KWYMHe caH. MbIHJai apuT™Me/e
cyyrek HoaAopy (H+) ’KoKKO ace OOJITOHAYKTaH, ajl TEMHP MEHEH peak-
NUAJIAIIIaiT, 1eMeK, cyyTek 00JIyHOOHuT, ajl 9MHA KYKYPT KHCJIOTACBIHbIH
CYIOJITYJITaH 3PUTMECH MEeHeH TeMHp THHHIIICe, CYYTEeKTH CYPYII YbIrapar.
OMmOoHAYKTAaH KOHIEHTPAIIUACHI KOToOpY KYKYPT KHCJIOTACHIH TEeMHUD IIHUC-
TepHajap/a cakramar. Ty3 KHCJIOTACBIHBIH 1 H 9PUTMECHHHUH JHUCCOIHA-
nusa gapaxkacel oo = 78%, anamu 0,1 H 9pUTMECHHHKH O = 92%.

4. Temneparypa. Jle-lllarenbeHEuH NpUHIUONHE bIIAUBIK, DPUTMeE-
HUH TeMIlepaTypachblH JKOropyJjaTyy JAHCCOIHAIIMAHBIH JapaxachblH
koboiiTor. MYHY MeHEH KaTap MOHJOPAYH 'HpaTTaIlyyCcy KaHa dpuUTMe-
HAH WJIBINKEeKTUI'M aszasaTr, OyJ nporeccrtep 3pUTMEHHH 3JIEKTP OTKOP-
TY4TYI'YH »Koropyslarar.

5. Bup TYpAYY MOH/I0p/Y 9pMTMere KOulyy. OpuT™Meeru HOHJI0p/YH
OMPHUHUH KOHIICHTPAIIUACHIH KOOOITYY 2JIEKTPOJIUTTHH ANCCOIMAIIMSA J1a-
pakachlIH azairar. Mucabl, aMMOHUI M'MIPOKCUINHUH 9PUTMECHHE:!

NH,0H, 2&NH 5 + OH j,
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aMMOHHMHI XJIODHAMHHUH 3PUTMECHH KYHCak, NH: KOHIeHTpalHsfAChI
xkoboitor. Jle-IllaTense NpuHEIIMOMHE blJIANBIK TEHACIITHK COJITO XbLJIT'aH-
ABIKTAH AMMOHHUM MMAPOKCUAMHUH AUCCONUAIINAA faparkachbl a3aT.

DJIeKTPOJIUTTUH HOHJIOPTO aXKbIPANIbL:
Ko Herusayy KUcJIoTajJap »KaHa KOIl KUCJIOTAJIyy Herusjep yiaa-
siam GacKberuTap apKbUIIYY AUCCOIIMATIAsAIaHaT.

H, SO, 2 H* + HSO 1-6acKbIv

DMHI CYYTeKTHH 9KMHYM HOHYHYH OOIYHYIITY KBIMBIHABIK MEHEeH »KYpPoT,
cebebu sK1 Tepe 3apsaayy SO2 mony HSO , monyHa KaparaH/ia Ke0ypook
KYJIOHJAYK KYd MeHeH H™ TapThIIl TypaT:

HSO; < H*+ S02 2-6aCKbIU

4

OmoHAYVKTAH KYKYPT KHCJOTACHIHBIH d9PUTMECHH/IE SOZ- HOHAOPY-
HYH CaHBI a3 60JI0T. YIIYJI CBIAKTYY 3Je Pochop KUCIOTACKHI /12 OUp Heue
fpacKbIdTap apKbUIYY AACCOIIMAIIASAIAHAT.

Kom KHcJIoTAIyy Heruaaep Aa 6acKbpMTYy AUCCONHAlAAIaHAT:

Ba(OH), < BaOH"+ OH ; 1-6ackbrd
BaOH® € Ba? + OH" 2-HaCKbIU

Tysaap KaTyy abanja Aa MOHAOPAOH TYPraHJABIKTaH Cyy/Ad METaJll-
ABIH KaHA KUCJIOTAJBIK KAJIJABIKTBIH HOHAOPYHA TOJIYK azKbIpallaT.

KEIUKBLI JKaHa HerH3AUK Ty3jap OUp Hede ODACKbIY MEHEH HOHTO
a’xXpIpaniar:

—> 3 -
KH PO, < K :F H. PO~

—> )
PO L b & HEPO ~

HPO2 ¢ H* + PO%

OLIeHTHN, yJIaM KHAMHKA 0aCKBIYbIH/IA AUCCOIAATTNAHBIH KOHCTAH-
Tachl, KHCJIOTAHBIH KHUCJIOTAJBIK KYUY, HETH3IUH HETU3JAUK KY1Y KeCKUH
aszaMubIll OTYpar.

JIuccouanus KOHCTAHTAChL. JIEKTPOJIATTHK AHCCONMAIAA KauTa-
JIaHTBIY IIpolecc OOJArOHAYKTAH, Ha4ap 3JIEKTPOJIUTTEPAUH 3pUTMEICPHUH
MYHO3/1660 YYYH MAaCCaHbIH TaaCHp 3TYY 3aKOHYH KOJAOHYY BIHIAUJIVY.

Cy10TyJIrad apUATMesep/ie CYYHYH KOHIEHTPAIlUsACHl TYPYKTYY HOH-
NIVK OOJIrOHAYKTAH, aHbI TeH/IeIITHK KOHCTAHTAChIHA KUPIri3YY KEPEK.

Mucaibl, YVKCYC KACJIOTACHIHBIH AUCCONUANMACEIHA MACCaHbIH Taa-
CHD 9TYY 3aKOHY KOJIZIOHYJIAT:

CH,COOH € CH,COO + H'

(H]-[CH ,COO ]
K = "cH,COOH]
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§ 7. Cyyuyn auccomuanusachl. CyyreKTuK KOpPCOTKYY
JRaHa Ty3/1ap/IbIlH FHAPOJIHU3H

OTe TAaKTHhIK MeHeH »KYPry3YJIoH H3MJIA00J0PAYH Heri3uH/e Ta3a cyy
eTe Hadap 60JICO /la YEHOOre MYMKYH 00Jryaail 9JIEKTP TOI'YH OTKODOODY
anpIkTasarad. CYyHYH JHCCOIMAIMSACHIHBIH Japaxkachl o = 1,8 - 102 (22 C).

CyyHVH JAHCCOIIMAllNSACLIHBIH MEXaHU3MHI TOMOHKY TeH/leMe MeHeH
TVIOHTVJIAT:

H,0 2 H" + OH"

Cyy eTe Hauyap 3JIEKTPOJHUT O0JTOHAYKTAH aHBIH AMCCONHAIIAACHIHA
MacCaHBbIH TaaCHp 3TYY 3aKOHYH KOJIJOHYyTra 00JIOT:

« _ [H']-[OH]
[H,0]

=18=107=(29:C) (4.9)

Taza cyyaa [H'] meser [OH | HoHAOPAYH KOHIIEHTPAIIUACHI OTO a3
GOJMTOHAVKTAH CYVHYH JHCCOIMalUsIaHOaral MOJIEKYJIalapbIHbIH MOJIAD-
IBIK KoHmenTpammsacsl [H,0] typykryy can: [H,0] =1000/18 =
55,56 moav/a. Omoraykran K, = K - [H,0], ax amu

K- [H,0] = (1,8 - 10'%) - (55,56) =10'* 6apabap .
Iemex, K = [H] - [OH] =10"* (4.10)

By caH KHciioTa, 11eJI04b KaHa Ty3/ap/blH Cyy/Jarsl apuTMeepu
Y9YH TYPVKTVY, ajJ TeHJeMe CYVYHYH HOH/IOPYHYH KOOOUTYHAYCY Jlell aTa-
JlaT. DpUTMEHHH Yeipecy HeHTpaJaAyy, KHCJIO0TaJAyy (KBYKBUIAYY), 11e-
JI0YTYY 60JIyIIY YIYH CYYTEK HOHYHYH KoHNeHTpanuscel [H'] xxana [OH"|
FHAPOKCHJI HMOHVHYVH KOHIleHTpAaIMAJapbIHBIH CAHJABIK KaTBHIIITAPbI
TOMOHKYZOM O0JIYIIIY KepeK:

Heirpanayy geiipene [H'] = [OH ] = 107 moan/a
Kucaoranyy geitpesne [H'] > [OH ] > 107 moas/a (10°-107")
Ilenouryy ueitpese [H'] < [OH ] < 10" moav/a (107°-10"%)

Koropysa KepceTYJreH/Ieil 6T60 KHYMHEe CaHJap MeHeH MIITeo OMp
TOI ‘KBIMBIHUYBLJIBIKTBEI TyyAypar. OImMOHAVKTAH CYYTEKTHK KOPCOTKYY

TYIOYHYIYH (pH) KoaioHYY BIHramiyy.

CyyrekTuk kKepcoTkyu (pH) gen cyymerx uoHyHyn KoHyenmpayus-
CHLHbLH OHOYK N02apumacvitHblth mepc candvlk maanucu atauar. Mare-
MAaTHKaJBbIK TYPAO:

pH = — lg[H"] (4.11)
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drepjie ’KOropy/ia KOpCOTYJITOH [H'] carapix MaaruiepuH (4.11) op-
MyJlara KoicoK, aH/la YOUPOHY aHBIKTOOTY pHThIH MaaHHIepH TabbLIAT.

Heiirpajayy 4eupeio pH =17
Kuciioraayy 4oipoe/io pH < 7
[[lesrouTyy YOHPOJIO pH > (=

[H*]=10"! ger 107'* moav/are yeliH ©3TOPTrOHAYKTOH, aHaa pH mxa-
sachl TOMOHKYYO 0OJIOT:

pH mkasacsl

T 9 3 4 5. Ngidg g U0 AT 2NN
KHCJIOTaNyy HeUTpaJIaAyy L1EeJIOUTYY

YeitpouyH pH mMaaHMCHH aHBIKTOOHYH ap TYPAYY BIKMaJiapbl Oap.
Konuynyk ybakTapja 9pUTMeHHH YoM pOCcYH HHAXKATOPJIOPAYH KapAaMbl
MeHeH aHbIKTamaT. AjsiapAblH TYCY 9pUTMEHNH pH sxapaimna e3roepyi Ty-
pat (4.1-Tabsuma).

4.1-mabauua
HumraTtopaopayd yonpenys pl apamnia
TYCYHYH O3IOpYIIY

- UHEAXKATOPJIOD, | ODpUTMEeHHUH Yeipecy

pHTHIH ©3repyy |

' yeru t HeUTpajIaAyy KHCJIOTAJIYY | LI[eJIOUTYY

1. MeTHJIOpAHX | |

| 3.1-4.4  caprblY-KbI3hLI | KOUKYJ-KBI3BLT | Caphbl \

| 2. JlJakmyc | L

~ 6.0-8.0 | CHIA-KOK KBI3BLII | KOK |

' 3. PenonGTayenH | | |

@ 8.2—10.0 | TYCCY3 TYCCY3 KYJITYH-KbI3bLII l

E | |
Tysaap/IbIH Ir'HIPOJIM3H

DpureH 3aT MEHCH 9PUTKHUYTHH 03apa apaKeTTerYy peakIlisACHl, 2Kajl-
NBICBIHAH, COJIBBOJIM3 jIell, drepje 3pUTKHY CYY D0JICO — THAPOJIHN3 JleIl
aTajar. ByJ mpollecctep HIIKe allKaHJa 3PpUTeH 3aTTHIH KypaMJIbIK
6OIIYKYOSI0PY 9PUTKHUTHAH MOHAOPY MEHEH PEAKIHAIAILIIL »KaHbl OUpUKMe-
JlepAM Iaija KbLjiaT, JpUTMCHUH pH esreper. AUTHLITaH OHIOPAY KBIMbIH-
THIKTAI THAPOJIN3 IpollecCCHHEe TOMOHKYYI0 aHBIKTAMA 6epyyro 00JIOT:

® <«Tysdapdvin uondopymyh 6up 6eyzyHyH CYyHyH yioa0yy MoneKyra
1apbl MeHel peaKyusrauyyoan navap srexmporummu nauwda Kolabtmn,
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cyymeKmuk Kepcomry¥my 6320pmyy MeHeH HypeoH peaKuyusaapdovl ruj-
pPOJIM3 JIell aTaru0bI3».

Tysnap KMCJIOTAa MEHeH Herna/iep/IiH HeUTpaallyy peakHsAChIHbIH
HaThIKACHIHIA Mailia 6ostopy Gearmiyy. OMIOHAYKTAaH Ty3/1ap/AbIH 6ap/ibl-
rpl THApOJHM3re y4dypabaiit. Mucajbl, KYYTYY KHCJIOTA KaHa IIEJI04TOH
naiiga 60JITOH Ty3Aap IHApPOJHN3 peaKIUsAChIHA Ayyllap 00JIDOPOHJIYVKTaH
yelpo HeHTpaAyy O0OM/JI0H Kajar.

ToeMOHKY Ty3/ap I'H/IPOJIH3Te YUy PaAUT:
1. Kyuryy Kucjora + Hadyap Heru3 = Ty3, M: CuCl,, AI(NO,), x. 0.
2. Hauap kuciora + KydTyy mestous = 1y3, M: Na,CO,, K CO,, NaHCO, x. .
3. Hauap kuciora + Hadap Herus = Ty3, M: (NH,),CO,, CHECOONH , K. 0.

KyuTyy KHcjoTa MeHeH KYUTYY Heru3JiInH OpTOCYHAa rmayaa 60JIroH
Ty3aap ruAposuare yuypabdaiut. Cededn XMMHUAIBIK PEAKIIUAHBIH HETH-
3MHJIe YOKMO, a3 jKe Hadap 2JEKTPOJIHUT naiiaa 60a60iT. Mucasisl,

NaCl + H,0 = NaOH + HCl
Nat+ Cl- + HOH = Na + OH + H* + CI
HOH = H® + OH ", yeiipe HeUTpaJAyy KaJarT.

KaJiraH Y4 THITEr¥ Ty3Jap FMApOJIH3re yaypaur. Mucasl,

a) KyaTyy KHciioTa XaHa Hadap HErd3/IMH OPTOCYH/Ia naiaa 60JroH
ryapap (CuCl,, Fe(NO,),, AI(NO,), ruziponnsre yayparasia YOHPO KbIY-
kbLIAYY, [H'] amsbikua 60J10T.

Al(NO,), + 3H,0 = Al(OH) , + 3HNO,
Al** + 3NO,- + 3HOH = Al(OH) ,+ 3H" + 3NO,
Al** + 3HOH = Al(OH) , + 3H™ — 40ipe KbIYKBLIAYY.
6) Hauap KMcs0oTa MeHeH KY4TYY HeTH3/IMH OPTOCYH/1a Iaijia 00JITOH

ryaaapasiE (Na,CO,, K,CO,, CH,COONa) ru/ipoTn3snHuH HaTbIMKaChIH-
na geiipe menouryy, [OH ] amrsikya 60JI0T.

K. CO.+ 2H,0 = 2KOH + H,CO,
2K*+ CO% + 2HOH = 2K* + 20H" + H,CO,
COZ + 2HOH = 20H + H,CO,490i1po meao04Tyy.
8) Hauap Kucyiora kaHa Hadyap HeMM3/IMH OPTOCYH/1a anja 00JITOH
ryapapasie (NH,),CO,, CH,COONH,) ruipoIu3nEHH HaTbhINKaChIH/Ia KHC-

JIOTA yKe HerM3/IMH KYYTYYJIYTYHO Jkapallla Hauap IeJouTyy, Hadap KbI'v-
KBLIAVY, a1 9MHU K23 OUp y49ypJsiapjia HeTpajlyy Y6MUpoJIop Kea/eler.
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CH.COONH, + H,0 = CH,COOH + NH,0H
CH,COO + NH¢ + HOH = CH,CO0" + H" + NH,OH
NH: + HOH = NH,OH + H' — Hayap KbIYKbLIAYY 461pe.

'MApPOIN3 IPOIECCHH asAThIHA YeMHH KYPTY3YYI'e e TOKTOTYII KOIO-
ra 6osior. AJ YUYH IIapTKa kapama, Jle-1llarenbe IPUHITUOUHE BIJIaUBIK
[H*] >xe [OH ] komyy, e TeMIepaTypaHbl JKOropyJaaTyy Kepekx.

drepzae 6Up MOHAYH KOHIEHTPAIUsICHIH KODOUTCOK, aH/A Ipouece
MOHIOPAY 6aiLTaHBIIITHIPYYYY KAKThI KO3/101, aJl 9MH TeCKEPUCHHYE OLIIO0JI
3JIe HOHAVH KOHIIeHTPAIMsAChIH a3aiTcakK, aH/a IpoIecc HOHAOPAYH KaHbI
caHBIH Iaiila KbUIYYYY KaKThl Ke310H xKypeT. Mucasl,

+OH - aucc.xoropynaut

CH,COOH «— &g -COO~ AWce asast H* + CH,COO~

Hayap spUreH 3JeKTPOJUTTEPAHH dPUTHUTUTHA SPUTMETE oupaen
MOHAOPAY KOIIYYAaH a3adaT. JlbIMbIHThIKTAI aUTKaH/a, 3JeKTPOJINT-
TepAUH OPTOCYH/ATHI peaKIIMAHbIH KYPYIIYHYH HEru3ru mapThl Doyl
YOKMOHYH TYIIYIIY, ra3d abaJblHAArel XKaHa a3 AuccolHanusaJIairal 3at-
rTapAblH maijia 6onymy KaHa 3pUTMe/IeH HOHJIOPAYH OMPHUHHUH AJBIHBIII
KeTHIIH dcenTeJIHnHeT.

Mucasira aMdoTepArK 3JIeKTPOJATTEPAN AJIBII KODPOJIY:

2H' + ZnO% 2 Zn(OH), 2 Zn* + 20H"

|
a) Kuciora KolICOK 4eK- 9PHTME 6) Illes049b KOIICOK YOKMO

Me SpHiHT, He#lrpangamyy L7 3PUUT, OUPOK MUHK annomyﬁ{
peaKIlUsChl KYPOT. KypaMbIHZa 00JIOT. |
YOKMO

a) Zn(OH), + 2HCI = ZnCl,+ 2H,0
6) Zn(OH), + 2NaOH = Na,ZnO, +2H,0

TuapoauU3AHH MaaHHcH. 'Haposn3 Mporneccu riIl0OKo3aHEbl,
KCHJIO3aHbBI, 3THJI CIMUPTHH K. 0. TaMaKKa KOIIYJIyy4dy OPraHHKAJIBIK
KHCJI0TAIap/bl aJyyAa KeHupH Kojoryar. [lepokcuiepinH 2KaHa ajlap-
[IBIH TY3/1apbIHbIH I'HM/IPOIA3H OHOpIKakla IoJIuMepJIepaH, MaujapAblH TH/jl-
POJIMGMHMH HATHIMKACBIH/Ia CAaMBIH/bI, INIMIEPHHAH aJIyyAa, aJl IMH (hep-
MEHTTHK THJIpo;iu3 60JICO TaMaK, TeKCTHIb, (hapMarneBTTHK OHOpKal-
jlapjla KeHUpHX KOJIZJOHYJIaT.

Bydep/uk apuT™MelIepAery IpoeccTep TY30H-TY3 THAPOIH3 PeaKIIAA-
chl MeHeH baturagpimkad. Coryin TeXHMKAchIHIa YYJIaHABIPYYYY 3aTTap-
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1aH Taszajooao (meraszamms), HUYYydYy cyyJapAsbl »KaHa Oyy KazaHJlapblHaA
KeJIYydy cyvJap/bl KOPPO3UAJJI004YY 3aTTap/laH Ta3aj00/10 I'MIPOJIN3/INH

MaaHHCH OTO YOH.

MuHepaaapAblH F’HAPOJIU3UHAH HAaThIMYKAChIH/A Kep KbIPThIIILIHBIH
KypaMbl ©3repeT ’KaHa Cyy MeHeH JeHHu3Jepre, KoJ1epre arsll 0apbln
YOKMOJIOP/AY IIaija KbliaT. Yexmepery nopojaajgap 6ackIM/IbIH, TeMIIepaTy-
paHbIH TaaCHPH acCThIHJAA AeTHApPATAIIAATa, JeKapOoHU3auaAra y4ypaur 1a,
»KaIlIooro bIHramjyy 1iaprrap TY3YJIOT.

Ocvoc KyOyJIynry skaHa 0CMOCTYK DachbIM.
Baur-I'ohd zaxony

CyioKk 3pHTMeJiepjle ra3flap ChIAKTYY 2Je Auhdy3us KyOoyayiy
MyHO3aYY. CyiokTyKTapaa aAug¢y3uaHbIH HAaThIMKAaChIHAA 9pUTeH 3aTThIH
feJIYKUesepy 9pPUTKHYTHH MaccachklHa Teru3 rapaJiar.

Jrepjie 3pATMe MeHEeH 3PHUTKHUYTH >KapbIM OTKODPryd sKapraxkdajap —
MembpaHa (n4yermn, rabapchlK, IlepraMeHT Karassl, eurogaH . 0.) MeHeH
beirymr Koicok, Auddy3ns 6up 6arsITTYy XKYpOT. AlapbIM 6TKOPryd >Kaprak-
yajap/laH 3pHTKHYTHH MoJIeKyJiajilapsl (cyy, COHPT K. 0.) »XeHWJI eTerT,
9PHTIeH 3aTThIH MOJIeKyJjalapsl (KaHT, HeJJII0J03a, KapbaMu »K. 6.) OTIONT.
MzIH1ait MeMOpaHaIapAbl XUMHSLIBIK bIKMAa MeHeH Jlaspaan ajgyyra 00J10T.
Ore maiia TelrnkTepH 6ap paphop HAUINTH OMPUHYMA KOKTAIITHIH, aHJ1aH
KAMHUH KaJIXHU (heppollMaHU/IMHUH 3pUTMEeCHHEe MaThIpCaK, OPYH ajJMallyy
peaKIHsChIHBIH HAaThIKAaChIH/Ia Maijla TellIuKTepre »ke3 (heppolMaHuy YeroT
71a, MIHUII »KapbIM OTKOPIyYd »KaprakdyaHbIH POJIVH aTKapbIll KaJjar:

2CuS0, + K [Fe(CN),] = + Cu,[Fe(CN),] + 2K SO,

O OpumMKUMMUH MOJAEKYAANAPLLHLLH
Membpana aprviayy 6up mapanmyy oug-
¢Pysusncot — ocMoc KyOyJynly, aj 3MHU
0CMOC KYOyaywyn moKkmomyyvy, cotpm-
Kbt ammocgepanvik b6acvimea bapabap
Ky4 ocMoOCTYK DackiM Jien arasar. Oc-
MoOcC DacCBIMBIH YeHereH acliall ocMoOMeTp
nen arasar (4.6-cyper).

CYpoTTO KOpCOTYJreHJA0M HYKHU
UIUINKe KAHTTHIH S9PUTMECHH KVIOI, aHbl
00JI6K UANIIITErd 3pUTKUYKE MaThIPCAK,
MeMOpaHa apKbBLIYY 3PUTKHYTUH MOJIe-

KyJajapbl OIH 3USAJAHBINI allHEeK
YOLRSIAR R AR G std 4.6-cypoT. OcMOMeTpauH
TYTYK4YO apKbLIYYy KOTOPYJIOT. ULITOO NPUHLMOW.
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Kagad raga THAPOCTATHCTUKAIBIK 6achiM OeJITHIIYY OHUp YEeKKe 2Ke-
THII OCMOCTYK DachbiMra TeHejrexjie ocMoc TOKTOMT.

DPUTMEHUH OCMOCTYK OaChIMBbI Baut-T'ohd (1886-%.) 3aKOHY apKbl-
JIYV TYIOHTYJIAT:

7-L'nulr.u % CRT' (4'12)

vipiEa C — 9pUTMEHUH MOJIYK KOHIIEHTPAIUACKI.

-

7i oropysa KeJTHPWIreH MaajlbIMaTTap/ibl sxpritpIaTHIKTAn BapT-T'odd
3aKOHYHa TOMOHKY/I0H aHBIKTaMa 6epyyro 60JI0T: «Ipuzer 3am 2as aba-
Abtrda 6oayn (memnepamypacst 6updeit wapmma ) 3pummeHut KoroMyHo
oapabap Konemay 3anen mypzandazvl KOPCOMKOH 6acbLm OCMOCMYK baculm-
za bapabap».

drepjie 3K¥ DPUTMEHNH OCMOCTYK fpachIM/IapblH CAJIBIIITHIPCAK, aH/a
IAPTTYY TYPAO KabbL1 ajIbIHIaH TYIIYHYK KEJINI ypIraT:

T ,= TU , — U30TOHUKAJIBIK
T ,> JU , — JT ;— PEIEPTOHMKANBIK
T < I, — JU; FEEHOTOREESIDIL

OcMoc KYOYJIYIIYHYH TYPpMyHIITa MaaHHCH abnadg 4oH. AJaMABIH Jle-
HeCMHMH TeMIepaTypachkl HopMaiaayy y4dypAa (37 C) ocMOCTYK DachIMBbI
£ 7.7-8 amm 60s10T. OUIOHAYKTAH AapblIOO MakKcaThbIH/la KaHra
CVIOKTYK KyHramja, Co3cy3 aHbIH 6acelMbl JT = 1,(—8 ammra bapabap
foJIyIly Kepek, 0. a. 9puTMe H30TOHHKAJIBIK oosiyyra TAMHIL: T , = 7T ,-
Orepjie KaHra TMIEPTOHUKAIBIK 7T |, = 7T , 9PHATME Kylojica, KBI3bLIKaH
NeHedesIlepUHUH YeIKa0ObIrbl apKbUIYY CYY UbIraT Aad, aJlapAbIH KOJOM/IODY
KHaupeinil, OpIpbiIar. TecKepucuHYe, rEIOTOHUKAJIBIK JT , < JU , 9PHUT-
Ve KaHTa KYIoJca, KbI3bLT KaH JleHeuejepiHe Cyy KApHI KOJIOMY YOHOIOII,
aHBIH YeJIKabbIK4Yachl KapblIbIIl KeTHIIN MYMKYH. Yes1yy ke LIoOpJIyy
yKepJiep/ie OCKOH OCYMIYKTOP/AYH KJIETKAIapbhIHbIH AYUHAErd CYIOKTYKTa-
DPLIHBIH OCMOCTYK DaChIMBI 100 aTMra YeiluH KeTHIIA MYMKYH. MbIHAaH
Ky6aTTyy 6aChIM TaMbIP CHCTeMaJIapbl APKBLIYY ’Kep KbIPTHIIIBIHBIH TepeH
xaHa HBIK KaTMapJapblHaH OCYMAYKTOPIo KepeKTYY a3bIK 3aTTAPAbL Tap-
TBII AJIBII CHHUPYYTO, 0. 2. CYMAYKTOPAYH OCYII-OHYTYIIYHO MYMKYHIYK
6eper. Ty3ayy TaMaKTaH KUIHHE CyyCcoo, KONKe YeWHH cyy H4iece
OCYMIYKTOPAYH COJIYINY, TAMaK CHHUPYY 7K. 6. IpoIeccTep 0cMoC KyoyIy-
mIyHa 0alyIaHBIIITYY HIIKe alar.

Bydepuk apurvmeiep

OKIIOII MOHAVH JIACCOIIHAINSA AapazKacbld azaiiTyydy KacueTu 6y-
chepINK IpUTMeJIepAH AafgPA00A0 nainanagsiar. bydepauk apuTtve /el
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CYIOJITKaH/a, KHCJI0TA »Ke 11ejI09b KOIIKOH/0 pH TYpYyKTYY, 63repTIIOCTOH
KapMall TYpPyyra »KOHAOMYY 9pUTMEeHHH CUCTeMAachIH aTall »Kypyuror. sKa-
HbpIOapjapAbIH KaHbl, 3aapachl, alllKa3daH HIMPeCcH, KbIPTHIIITATbl 9PHUTMe-
jep . 0. Oydbepauk spuTMesepre Mucaj 6osior. ATaublH Jasgpiajral
OvhepIHK apUTMeJep aHAJIUTUKAJIBIK XUMHAA/IA KOJIJJOHY.IAT.

bydepauk opurmesiepaud Kypavsl :

1. Hagap KHcjioTa + aHbIH TY3Y — KBIYKBLIAYY O0ydep
Mucansl, H,CO, + MeCO, — KapboHATTHIK Oydep

2. Hagyap Herus + aHbIH Ty3y — LIeJOYTYY Oydep
Mmucansl, NH ,OH +~ NH,Cl - amvmunakreik 6ydep

byhepauk spuTMeHHMH aJbIHBIIIbL:

CucreMaHbIH OMp KOMIIOHEHTH Hauvap 3JIEKTPOJIUAT OOJIOHAVKTAH,
ara MacCaHBIH TaaCHp 3TYY 3aKOHVH KOJIJIOHVII, OydhepANK IpUTMEHH Jlasip-
n004y (hopMyJaHbl Taall a1abbI3.

Bydbepauk kacuer, 6. a. pH=const cakran kaayycy, cucreMaHbIH
OMp KOMIIOHEHTH ChIPTTAH KOIIYJraH KY4YTYY KHCJIOTA e I1eJIOYb MeHeH
TOJIYK HeHWTpaJalllbIll KeTMeHHHYe cakTajaTr. bydepAuKk 3pUTMeHUH
pH=const cakran kanyy kacuet o0ydepauK cbIMBIMAYYJIYK Jlell aTajlar.

Bydepauk ceiMbMayyayk gen 1 .z 6ygepank spurMeEuH pH maann-
CHH 1 YOHJIVKKAa ©3repTYYro KeTKeH KYUTYY 9JIEKTPOJIUTTHUH I'-9KB. CaHBI
aTaJjar.

Bydepank spurmesniep/ i Aasgpioo0, ajlap/blH KaCUeTTepUH YIPOHYY »KaHa
najlajJlanyy aHAJIUTHKAJIBIK XUMHUA KYPCYHJIa KeHUpHU OasgH1ajar.

JPUTrHUTHKTHH KOOOUTYH/IYCY

Kanyanplk Hayap apureH 4exkme 00j100cyH, apuTtMme/ie a3 doJsico aa
aHbIH KaHBIKKaH 3pUTMECH MeHeH TeHjielll 00JIoT:

(uekme) AB 2 A" + B (apurmMme)

TeHAeITHKTHH KOHCTAHTAChIH Nal/lajlaHCaK 9PUTHYTHKTHH KOOOM-
TrYHAYcY 9K (IIP) neren TymmyHYK KeJHAII YbIrarT:

et 1ol (4.13)
[AB]
Jrepzie 6es190KTY 03reprcok: K - [AB] =[A"] - [B],
MBbIH/IA K- -[AB] =9K
JIeMeK, IOK =[A"] - [B7] (4.14)
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4.13 dopMyIaHbI NaWaAHBIIT, AHAIATHKAIIBIK XUMHUSAa YOKMOHYH
maiina 60JIVYCYH KaHa 9pyY IIapThIH aHBIKTAIL 2KYPYIIOT:

a) YoxMeHYH naiia doaymy
9K, > [A7]: [B7]
6) Yok MOHYH spUTMere OTYIIY
IR S A T iES
B) TeHIelITHK adaJ
9K,, = [A']-[B]
AHINTAKAIBIK IIPAaKTHUKAa/la arepjie Hayap 3J1eKTPOJIUTTHH IOK Oeir-

rutyy 60sico, a1 600HYA aHbIH 9PUTHYTHATIN PHbI ke TecKkepACHHYE 3aTThIH
Ta6IIMIIaIarbl 9PUIMITHIH GoioHYa OK aHBIKTAIl XKYPYIIOT:

Mucassl, 6upei 3apsaAAyy HOHTO aKplparal 3aTThbIH D =526l 04
Gosico. aubIH spurmyTuru P = 2,6 - 10™° 6apabap.

&

.’ Cypoonop XaHa KoOHYryynop

1. XvMUANbIK peakuusiHbiH biidaMabirbiH XXaHa ara Taacup 3TYY4y (PakTop-
nopay ararbina.

2 MaccaHblH Taacvp 3Tyy 3aKOHY XaHa aHblH ap Typfyy npoueccTepae KOI-
[IOHYNYLUYH KOPCOTKYNO.

C{<r+ OZU! COZI‘-‘] CO{f}+OE{r} < 2002{f)

3. XyMUSbIK TEHAELUTUK XaHa aHbl XblbIWTbIPYYHYH WapTTapbl, Ne-Ware-
nbe NpuHUUbuH anTein deprune.

4. Qputmenep, anapAbiH nanaa GoNyLUYH TYLYHAYPYYYY huanKanbik, XUmnsa-
NbIK TeopusinapAbiH MaaHUCcuH TYLWYHAYPryne.

5. ConbBarauus Xxe ruaporauus KybynywyHyH kaHaam maaxucy bap?

6. DpUTMENepanH KOHLEHTpaUvsAnapbiHbiH TYOHTYNYyLY. NPOLEHTTUK, MOM-
AyK, HopMangbik, MONSANALIK KOHUeHTpauusanapra Mucan kentuprune.

7. Ocmoc KyBynyluy AereH amHe? Ocymayk KaHOam KbIpThilUTa XaKilbl 6CoT?

8. OcMmocTyk 6acbiM XaHa aHbl aHbIKTOOHYH bikMarnapbiH KOPCOTKYNO.

9. MeMo fapakTapblH 3MHe Y4yH Ke4 Ky3/16 cyrapbiwar?

10. Bydepauk aputmenep, anapAbiH Kypambl, KacuveTTepu, anbiHbilbiHa MU~
can KkenTuprune.

11. ANeKTPONUTTUK AUccoumalmns TeOpUsCh. KyuTyy XaHa Ha4ap 3neKTponuT-
TepavH Bup HeyecuH caHan eTKyne.

12. DneKTpoNuUT apUTMEnNepuHnH BacKeI4Tyy AMCCOUMaLUACHIH KOPCOTKYIO.
H,PO,, H,SO,, Al(OH),

13. Tomorky npoueccTuH: KI+AgNO,=vAgJ+KNO, noHayK peakunanapbiHbid
TeHaemMenepuH Xasrbina.

14. CyyHyH 3NeKTponuTTUK Auccouynayuscbit nauganasdbin, CyyTeKTukK
KOPCOTKY4KO aHblkTama beprune.
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15. Ty3pnapabiH MAaponuan XaHa aHblH MaaHucu. CopaHbiH rmaponu3 peak-
LUMACHIHbIH TEHAEMECUH Xaarbina.

16. LLlopnyy KbIpThIlLTa 3MHE Y4YH 6CYMAYK XaKLbl OCNOUT?

17. DPUTMHTUK XKaHa IPUTMHTUKTUH KOBOUTYHAYCYHYH MaaHUCHH auTbin 6ep-
rmne.
18. 30%Tyy (d = 1,28) KyKYPT KMCNOTACbIHbIH MOMAYY, HOpMarnayy KOHLUEHT-
paUUACbIH aHblKTarbina.

19. 200 2 cyyra 20 2 kanHaTMa Ty3 IpUTUNAU. IPUTMEHUH Yo KOHUEHTPaLMS-
CblH a@HblKTarbina.

20. 40%Tyy CNMPTTMH CyyAarbl 3pUTMECHMHAE KaH4a 2 CrnupT XaHa Cyy 6ap?

21. 1M, O,1 M WEeNoYTYH 3pUTMECUH AaspAoo y4yH kaH4ya e NaOH kepek?

22. 3 11, 0.1 H KYKYPT KUCNOTACbIHbIH 3pUTMECHH Aaspaoo y4yH 96% (p = 1,8)
H,SO, kucnotagaH kaH4a ms1anyy Kepek?

23. CyyHyH 3MeKTPONUTTUK AMCCOLMaLMACH! Y4YH TeHAELITUK KOHCTAHTaCblH
Tanksina.

24. YKCYC KMCIOTacbIHbIH ANCCOUMALMSA KOHCTAHTAChIH TYIOHTKyNa:

CH,COOH 2 H* + CH,COO"

7--36



V zaaea

XUMUSIJIBIK PEARKIIUAJIAP/IbIH
KJACCUHOHUKAIIMUACDI

§ 1. XuMHUAJBIK peaKnusajJap/AblH TYPJIOPY

['oMOreH/IYY /KaHa reTeporeH/yy peakiusaiap

XUMHK-OKYMYIITYYJIAp XUMHUAJIBIK alJlaHYyJIap/Abl U3HJIJI00HY 63/10-
pYHYH OMp/ieH-0Mp HINMHIT apaKeTTepUHMH Heru3ru 0esyry Karapbl 3Cerl-
tTemer. AJjlap MJIMMHR-U3UII100 HIITEepUHAEIH KOIJITaH MaKcaTTapblHA
*kapala, XUMHASJIBIK alJlaHyyJIapAblH MeXaHU3MHUH aHBbIH XKYPYY ceberr-
TepHH, TYPJOPYH, bUIAAMABIKTAPBIH ara TaacHp 3TKeH (paKTOpJIOPAY, am-
JaHyyJap/Abl €3repTyy OarbITTapblH, ajJapAbl OalIKapyy KaHa aHbIH
YKYPYIIIYH TeKIIepHUIl TYPYY bIKMajlapblH U3WJIJIEIIeT.

X MMUSUTBIK aiIaHYVIIapAbl XMMUSUIBIK peakI|s el TYHIyHe0y3. Omros
XUMHUSUJIBIK peakIMsAra arperaTTblk abanzapsl ap TYpAYY OoJIrOH rasjap,
CYIOKTYKTAap ’KaHa KaTyy 3aTTap TYPAYYY6 alKaJbIIITAa KaThIIIKAHABIKTA-
pbIHa (ra3 — CYIOKTYK, CYIOKTYK — KaTyy 3arT, ra3 — Karyy 3aT) JKapalaa
peaKkIMAHBIH 7KYPYY 3aKOHYeHeM/IYYJIYKTOpY /la ap banrkaya OoJiymiar.
® Aunana-veupedon yekmenzenH 3ammap xHe anapdvli apaiaumanapol
cmereMa jen atagar. CucTeMa TOMOTeHAYY KaHa reTeporesjyy dosyuar
(5.1-cxema).

5.1-cxema
CucreMaHBIH TYPJIOPY

Cucrema ]‘___l
— '[

['omoreHayy cucrema I'eTeporenayy cucremMa
' Peaknusanapra KaThbIIIKaH Peakiuanapra kKaTbIIIKaH
3aTTap/bIH »KaHa INPOAYKTY- 3aTTap JKaHa IpPOAYKTYJIa-
JapAblH arperaTThlk abai- pbl ap Oamka arperaTThIK
napsl dupaeir 60JI0T. abanga Oonymar.

Bupzei kypamra kaHa KacueTTepre 33 0oJIroH, Danrka 06JIYKTOPAOH
GeTTHK Yern MeHeH aiiblpMaJIaHTaH CHCTeMaHbIH GeJIYTYH (a3a jen aTau-
6b13. [OMOTEeHAYY CHcTeMara rasfiapAblH apajanimacel, ada #aHa s3paTMe-
gep kuper. Abaja a3oT, KbIYKBUITEK, achll ras3jiap KaHa KeMYPTEK (IV)
OKCHAM apaJjialllblll KYpymieT. Bup aJjie apUTKHYTe, MHCAJIbI, CYYAA oup
KaH4Ya 3aTTrap, Hatpui xgopuau (NaCl), marEui cyabparsl (MgSO0,) azor
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’KaHa KBIYKBLUITEK 9PHII ?KYPCO FOMOTreH/1YY CHCTeMaHbl Ian/ia KbLIbIIIAaT.
By aku cucTeMaHBbIH OMpUHYMCH ra3d abajbIHAarel, 9KHHYMCH 3aTTapAblH
cyyJlarsl 9pUTMecH — CYIOK (hasajarsl cucremMasap.

oMOreH/IYY peakilis CHCTeMaHbIH 0ap/IbIK KeJeMYH/1e sKYper. Mucaisl,
KYKYPT KHCJI0TachblHA HAaTPHUI THOCYJIb(AThIHBIH 3PUTMECHH Taacup 9TCeK,
IPUTMEHHMH 6HY 603 YaHIBUIT O0JIYII 631OpPYII, CHCTeMaHbIH Dap/IbIK KOJIOMYH/IO
falikasaT. Bo3 YaHTBUITTHIH Iaiga 6oayIIy peaKIUsHbIH Oejrucu 00JIyI,

KYKYPTTYH 9pKHH TYpZe O6JIYHYII YbI'yyCcy MeHeH OallaHbIIaT.
H,SO, + Na,S,0, - Na,S0, +S0, T +S ¥ +H,0

[eTeporesyy cucreMara cyy MeHeH My3/IVH, abajia KeMyp YaHJaJjla-
pbl MeHEeH KYKYPTTYH KapMaJblll TypyIly, CYYHYH, OeH3MH/AUH apaJialll-
Machl MHucaJs bosio anar. 'ereporeHayy cucreMaja »KYProeH peaknusiap
¢hazayapAbIH YeKTellKeH OeTHHe »KYpoT. Mucasbl, Ty3 KHCIOTAChl Me-
HeH IIMHK MeTaJlJIbl apaKeTTelIKeH/le, peaKI[uA [IMHK MeTaJIJIBIHbIH KHUC-

JIOTA MeHeH THHUHIIKeH OeTHH/Ie XKYPOT:

Zn +2HCl - ZnCl, + H, T

KaTtaauTTHUK KaHa KaTaJUTTHK 9MeC pearkuusaiaap

Kemuyinyk XMMHSAJBIK peaKIHUAJap ©Te Kal, alpbIMJapbl Te3

Kypymer. Hlail )KYpreH peakIusIap/ibl Te3/IeTYYIo, Te3 KYPIroH peaKIlnsd-
Jlapabl bacaHaaTyyra 00J1or.
@® Xumuanvik peaKuusHuLH bladamobleblH Apalblk aKxmuedyy sammap-
bl naida Kvtayy meHen mesdemun, peaKyusiHblH AKbLPLLHOA 63) KOPOMMACY-
za yyypabau, 6320pyycy3 Kaazan 3ammap KaTajJn3aTopJop Jlell aTajar.
KaranusaTopJopAyH KaTBIIIYyCy MEHeH XUMUSUJIBIK PeaKIUAHBIH bLI/1aM-
ABITHIH ©3TrOpTYY4dYy IIpollece KaTaJId3, ajl 9MH KaTaJu3aTOpPAYH TaacCHpH
MeHeH KYpPYYdYy peaknus KaTaJUTTHK Aeln atajnar. KaramusaTtopiiopayH
TaacCHpH ;KeKede MYHO3/16 00JIyN, YHABepcaJAyy KaTaanu3aTopJiop Ke3/el-
neir. Karanusa skure 66JYHOT: TOMOTeH/1YY »KaHa reTeporesyy.

5.2-cxeMa

‘ Karaaus 4'
l'omoreHayy KaTanius ['eTeporenayy Karaaus

Peaknusra kaTbllIKaH Oaniran- Peaknmsara kaTpllIKaH dainran-
Kbl 3aTTapAblH (pazayiblKk abaibl Kbl 3aTTap/blH (hasajblk adaJibl
KaTaJIu3aTOpPJAVKY MeHeH Oupjaen MeHeH KaTaJlHu3aToOpAyKYy bamka
bosoT. boJ10T.

Mucanpl, peakuara KaTbIII- Mucanbl, peaklUsara KaTbIIIKaH-
KaHJap — rasjap; KaTajJu3aTop — Jlap — rasjiap; KataJusaTop — KaTyy
ras. 3arT.
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KaTaana TeOpUACHIHBIH apajiblKk KOMILIEKCTepAH Han/ia KblL1yy HIap-
THI TOMOTEH/IYY cCHcTeMaJlapra MyHe3/1Yy. Peaknusara KaThIIIKaH 3aTTap
MeHeH KaTaJlM3aTopAVH (azajapsl Oupnei, 6. a. Oupjed arperaTThIK
abajyna doJyuIar.

[eTepores lyy KaTaJIUTTUK peaKIUsIapAarsl KaTalu3aTOpAYH po.1y
AKTHUBJYY afcopOuus TeopusAchl MEHEH TYIIYH/YPYJIOT. 3aTTap/ibIH O3YHYH
CBIPTKBI OeTHHe OalIKa 3aTTap/blH 06JYKY6JI0DYH CHHAPHIL aJIyy Kacue-
TH ajcopbuus gen arajnar. Opyc akajgeMuru A. A. bajasJuE aKTHBAYY
a/IcopOIIM s TeOPUSACHIHBIH HeIM3WH/IEe IreTePOreH/lYY KaTaIUTTHK PeaKIlnsd
Y4YH MYJIBTUILIET TEOPUACHIH HIITEN YbIKKaH. KaTaan3aTOPAYH XUMUHA-
JIBIK peaKIMAHBI bUIAAM/IATYY *KOHAOMAYYJIYTY peaKIusara KaThIIIKaH 3aT-
TapibIH Mo.ne}cyﬂa_m:iphmmn MEeHKUHIMKTHAK CTPYKTypachlHa KaHa KaTa-
JIU3ATOPJIOPAYH OeTHH/IerH aKTUBAYY O0pOOPJIOPAYH reoMeTpHUAChIHA Dai-
JaHBIIITYY 0o0sioT. PeaknusAra KaThIIIyy4yy 3aTTapAblH MOJIEKYJIaJIaphl
aKTHUBJYY Oopbosiopro (aToMA0pro) CHHUPHUJIET. MyJIbTHIIET TEOPHUACHI
HoIOHUYA AKTUBJYY OOpPOOPAYH IeOMeTPUSJIBIK JKaUrallbllIbl KaTaIn3-
JlelIIyy4y MoJIeKyJIa/larsl aToOMIOPAYH OETTHK TY3YJIYIY MEHEH Aajl KeJIYYCY
zapblI. Mojekyjajap OMp KaH4Ya akTUBAYY O0pdopiopro CHHUPHIIET Aa,
peakIMAra KaThlIlyy4yy 3aTTap/blH OPTOCYH/Iarbl XMMHUIBIK OansIaHbIIII-
THI HayapJiaTaT. Hauapiam Kajaral XUMHUAJIBIK OalIaHBIIITAD peaKIns-
ra KaThIIIyy4y OalllTalKbl 3aTTap/AbIH MOJIEKYJIajlapbIHBIH OPTOCYH/A Kau-
paziaH 0esIyLITYPYJIOT.

Ap TYPAYY XHMUSAJIBIK PeaKIUAIapAblH KaTAJIKUTTHK DopbopJIOpYH-
la CHHUPUJITeH aTOM/IOpAYH caHaaps! 2, 4, 6ra k. 0. papabap bosymiar.
Msigsa 6opbopsiop (2) — aymier, (4) — KBajApaTaAyIJIeT »KaHa (6) —
CeKCTeT JIell aTajlaT, KaJNbIChbIHAH OyJjiap MYJbTHUILJIET /eIl aTajar. Yy
TeOpPUAHBIH HerM3WH/le ajIMallyy peaKIMAChIHbIH MeXaHU3MHUH Kapaubl.
KaTtair3aTopjopAyH 9KH aTOMY AVIJIETTH TY3TOH peaKNMUsHbIH MEXaHU3-
MHH cXeMaJbIK TYPAO® TYIoHTaibl. Peaknusira AB jkaHa CD 3arrapsl
kaTesin, AC xara BD 3aTrTapblH naiijia Kbulblar. Byjr peakuaarsel
KaTaJIM3aTOP/YH POy KOPCOTYJIOT.

A-B “A..B- A B
T K«:::»RjCD_‘Kc:»KI-’rII{
C-D Rt €D

ByJl peakIlHAHBIH cXeMacChlHAaH peaKIMAra KaTbIIIKAH 3aTTap/blH
ATOMIOPVHVH Kalramyyjapsl 03repbecTeH, ajlap/AblH OPTOCYHAATBI XH-
MUSIBIK OaMiagEpIIITap KapajgaH 0eJYIITYPYJIYHD 2KaHbI 3aTTap nauza
60JIVII, aJl 9MH peaKIUs asgKTarasja KaTajJu3aTop OOIIIOHYII ©3repyycy3
MYPVHKY abajblHa Kejad. KaTaJUTTHK reTeporeH/Yy peaknusara saia-
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auit (V) okcuan KaTaamsaTop 60ygroH KYKypr (IV) okcMAMHAH KBIYKBLI-
TeK MeHeH OKHCTeHYycy Mucas 60J10 aar.

J0), H0), i)

XUMHUSIBIK OHOp Kalap/ia KaTaJIUTTUK peaKUAHbIH MaaHUCH 30pP.
AnapabiH 70% TeH ammbIrbl KaTajau3aTOPAY KOJIJIOHYIIAT: He(PTeXUMHU -
JBIK, (hapMaleBTTHK, CHHTeTHKAaJbIK 3aTTap/Abl OHAYPYYYY 6HAYPYLITOD,
TaMaK-alll eHoep»Kaigapsl K. 0. 6oayn carasar. Kemuyayk 3arTapibl
OHJIYPYY: aMMHaK, KYKYPT KHCJI0TAChl, a30T KUCJIOTAChI, CYYTEK, IIeI0Y-
TOP, CAHTETHKAJIBIK 3aTTapAbl (OpraHMKaJbIK »KaHa OPraHUKaJIbIK 3Mec
CHHTEe3/100/10) KaTaJUTTHK peaKIUsSHBIH Heru3uH/le OHAYPYIl aJbIIar.
XUMHUA HIKMHUHAEe KaTaJIu3aTop KaThILIIIal KYPreH peakiusjap ga oeJ-
rayy. MBIHAaM peakIiuAJdapAbl KATAIATTHK 9MeC peaKIusjIap Jlel ara-
mar. KaTaJIuTTHK 3Mec peaKIusyiapra Ken4yJYK OKHCTeHYY (KYyHYy), OIIIOH-
o0M 3jle aJIMalIyy peaKIusjapbl KHpeT. AjapAblH MHcaJgapbl MeHeH
CHJIep TaaHbIIIachIHaP.

Kanrananyyuy xxaHa KauTaJIJaHOOOYY pearimsaap

X AUMHSJIBIK peaknusijiap KarajdaH000ouy »KaHa KalTajJanyydy 0o-
Jyn aKkure 6eanyser. Kaittananboouy XMMHUSAJIBIK peaklus 6Up OarsiTTa
»KypoT. Peakimsira KaThIIIKaH 3aTTap Ke aJapAblH OMPH TOJIVK KyMIIla-
JIBIII asiTblHA YeMHH JKYProH peaKIUsAHBbI KauTajlaHOoouy zemn araluar.
Mmucanpl, ammoEu¥ auxpomarbslHBIH (NH,),Cr,0,; axkpipamsl. Hatpun
cyab®aTelHbIH Na,S0, 6apuil XJIopuu MeHeH apaKkeTTeHYYycY k. 0.

i

(NH,),Cr,0; — Cry03 + Ny T +4H,0;

Na,SO, + BaCl, - BaSO, V +2NaCl

PNa SISO RIBa %4 + 2C1T1=> BaS0, V 42Na’ £2C17
Ba?* +80,°~ - BaSO, {

Bysn peaknusizap 6up OaresiTra Oosiym, OalITalKbl 3aTTap TOJIVK
peaknuara KHpresre 4eiuH »Kypay. Peaknusanap/iblH IpoAYKTYJIapblHAH
Kalpa OamTankbl 3aTTapfAbl ajla aja0anbbI3. MbBIHAad peakIusJgap as
cagza 6osor. Kenuyjayk HOHAVK peaKIUAJIap aKbIpblHA YeMHUH 2KYPO TYP-
raHbl CUJIepre TaaHBbIIII.

Kalranagyy4y peakuusajgap KautajJaHO004y peaKnusijlapra caJblIll-
ThIpraH/ja KOeITYK KbLIaT. Mucalybl, 06;1M0 TeMIlepaTypachlH/a 3JIe KO-
NVH Oyycy MeHeH CYYTeKTH apaJjlallITbIlpcak, ajJapAblH OPTOCYH/la peaK-
IIUS JKYPYII HOAAYY CYYTeK nmauja 00JI0T:

H, +1, — 2HI
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drepjie HOAAYY CYYTEeKTH HAMIIKEe TOJTYPYII OO3YH Kaall KOMCOK,
6up KaH4Ya YOAKBIT OTKOH/IOH KHMHH 3PKHUH HoaAyH Oyycy 6anKaiar.

2HI > H, +1,

PeaKIIMAHBIH KaliTaJaHTbIY MYHO3YH TYIOHTYY YIYH KapaMa-Kaplibl
arbpITTarbl 2Kebejiep KOJJOHYJIAT:

Hz + 12 - TY3 peakKIlHHA > ZHI

KauTaJJaHYV4y peaKIHA

Bup kaH4Ya y6aKbIT OTKOH/I0H KHHUH 9K PEaKIUAHBIH BLIAAMbIK-
Tapbl OUpAel 00JIyII, peaKnuAra yeMHKHY OamTankbl 3aTTap/iblH KOH-
[eHTpalMAapbl peaKIUAHbIH IPOAYKTYJIADbIHBIH KOHIleHTpalusajaphbl
MeHeH 6upeit abaira keaer. By yayp/a y3ryJTYKCY3 MOJIeKyJIalapAbIa
nmamaga 0oJyycy KaHa aKbIpoocy KYPOT.

DK30TepMHUAJIBIK JKaHa YHI0TePMHAJIBIK peaKuuiiap

Cusepre 6esruiyy 60Jarog0i, aupbIM XUMHSUIBIK PEAKIHAIAP 7Abl-
JAVYJIVK 6esyn uyslrapyy MeHeH KYPCO, aupbhIMAAphl KBUIYYIYK bepme-
HYe >KYpOOuT.

XUMHASIIBIK peakIud ydypyHJa 0esyHynl YbIKKaH 7K€ CHHHPHJIHIL
AUIBIHTAH KBUIVVJIVK CAHBIH peakIIUAHBIH JKBUIYYIYK dQdEKTUCH JeIeT.
XMMUAIBIK PeaKIUAHBIH KBLIYYJIYK 3((deKTucHHe Kapama 3K30Tep-
MHMKAJIBIK KaHa YH/I0TePMHKAJIBIK DOyl DOJIYHYIIOT.

KBy VIYKTY 00JIyI YbIrapyy MEHEeH ’KYProH peakiualap 9K30Tep-
MUK aJIBIK femr aTanaT. ChIpTKa *KbUIYYJIYK 06JYI Yblrapyy MEHEH KYPYYTY
peakIusjapra MUCajl KeJTUPeJIH:

H, + Cl, —» 2HCI + 184,6 x/lx/morv
CH4 + 205 — COg + 2H,0 + 880 r/{xn/morb
MKBUIYYIVKTY CHIPTTAH CHHUPHII aJyy MeHeH XXYPToH peaknusiap

3HI0TePMUKAJIBIK JIell aTajaT. JHAOTePMHUKAIBIK peaknusajiapra ToMOH-
KYJIOp MHcaJ 00JI0 ajar.

2HgO »2Hg + O, — 180 r/lx/monw
%Nz + %02 — NO - 90,4 k/{n/moxre

W1 »KY3YH/e «3aTThIH Naija 60J1yy KbUIYYJIYry» aHa «KYHYY KBbl-
JYYJIyry» JlereH TYIIYHYKTOP KOJIJOHYJIaT. 3aTThIH Naijga 60ayy KbUIYY-
JIYTY ’KOHOKOM 3aTTap/laH TaraaaJll 3aTTap naiga 60aroHA0 66JYHYI YbIK-
KaH KbLIYVJIVK. 25°C sxana 0,1 MIla 6acsIM Ke3WH/le »KOHOKOU 3aTTap-
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IBIH a’KbIP00 KBUIYYJIVIVH KaHa 3aT nauga 00Jyy »KpUIYYJIYIYH HOJITo
bapabap jsen acenTee KabbLI aJbIHIaH.

® Keonexoir sammapdan Oup moab Gupukme nauda 0607120H Ke3de
GONYHYN YBLKKAH HCe CURUPUAUN ANbIHZAH HCOLAYYAYK 3ATTHIH Mau1a 00-
JYy AKBLIYYJAyTy Aen arajnar. Mucaabl, cyyTeKTHH 6up mouy 0,5 moab
KBIUKBIJITEK MeHeH apakerTelmnkenjae 285,8 k/[xc/monb 3aTThIH naunja
60JIVY KBUIVVYJIIVTY O6JIYHYII YBITBII, OMp MOJIb CYyYy manja 00JoT:

1

Hor) + EOZ(P} = HyO(yi0x) + 289,8 K/lx/Mmonb

Bup Mo0JIb 3aT KBIUKBIJITEKTEe KYHTI'OH/0 00JIYHYII YbIKKAH KbUIYYJIYK
caHBI KYHYY *KBLJIVYJYTY Jell atanar. AleTHJIeHAHNH OUp MOJIy KbIYKbIJI-
TeKTe KYHUIreH1e Kyiyy :kpunyyayry 1300 x/{x /moab 60J10T:

2C,H, ) +90,1) > 2H,0 ) +4C0 ) + 1300 x/[owc / mone .

X IMHSAJIBIK PeakIus Me3THJIMHIe CHHUPHJIIMII aJbIHIaH Ke 06JIYHYI
YbIKKaH KBIJIVVJVK CaHbl TeHJieMere KOIIIO »Ka3bljIca, aJl TEPMOXHUMHM -
JIBIK JeIl aTajaT. Bys maipa 0oayy skKaHa KYHYY *KBUIYYJIYKTapbIHBIH
MaaHHCH aTaMbIH MaaJbIMJamMajapjaa 6epuier. Ajlap GU3HKaJIBIK YOH-
AVKTapAbl 3CenTee y4YypyHJa kKoJgoHyiaaT. sHoropy Kakrta »Kas3blIraH
CYVTeK, alleTHJIeH, MAarHMAANH KbIUYKbUITEeKTe KYHymy »xaHa cbimail (II)
OKCHJIMHHH a’XbIPOOCYH KOPCOTYII Ka3raH TeHJeMellep TepMOXUMHUAJIBIK
TeHjieMesiepre MmucaJ 60J10T.

§ 2. XUMHAJBIK PeaKIUAHbIH THIITEPH

Peaknmsara KaThIIIKaH 3aTTap/bIlH MOJIeKyJIaJIapbIHBIH 63IOpYIIYHO
yKapalla XMMAAJBIK peakusiap Oup kaH4a TunTepre 66ayHoT. XUMH -
JIBIK IIPOIeCCKe KaThIIIYyy4dy sKaHa nauja 00JroH 3aTTapJblH KypaMbIH/Ia-
I'bl APHIM aTOM-MOHJIOPAYH OKHCTEeHYY JAapa’KachbIHbIH ©3rOpYIIY MeHeH
YKYPrOH peaKIMsijap OKMCTeHYY-KaJablOblHA KeJlYYy Aell aTtanaT. Peaknus-
ra KaThIIIKaH »KaHa manja 60JroH 3aTrapAblH cCaHAapblHA Kapalla: Ko-
mIyJIyy, a’kKbIpo0, OPYH aJMallyy, aaMauyy jgen 6esyser. CaHal 6TKeH
peaKknHUAJIapAblH a¥pbIM/apbl 60I0HYA CO3 KBLIBII OTOJIY.

Komynyy peakuusacel

JKH Ke aHJaH KOII 3aTTap apaKeTTeHHUIINIl, peaKIUAHbIH HAaThIM-
»KachIHJAa OMp 3aTThl Naijla KbIJIFaH peaKIUAHbl KOUIYJIYVY peaKIMACHI
nen omiedbus:

AAIRE 300 32 A 07
T Sy 7 ntagsa .
Gl 2H) —» G H}
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Peakiusira 3K 3aT KaThIIIbIII, OMP 9Jie peaKIUAHBIH HPOAYKTYJIa-
DHIH: QJIOMUHUI OKCHAKH, IMHK CYJIb(MUANH KaHA METAH I'a3blH nmamjaa
KLIIBIINTEI. PeakIMAra »KOHOKOM 3aT KaThIIbII, aJapAblH KypaMblH/A-
I'bI ATOM/IOP OKHMCTEHYY jlapaKachblH 63rOPTKOHYH bankabIk. Peaknusara
raTaa] 3KM 3aT KATHIIIBII GUp 3Je peaKIUsAHbIH MPOAVKTYCYH Haijaa
KpIJITaH ydypjiap fAa Oesxrmiyy. Mucaisl, KaJbIIUA OKCHJAM CYy 2KaHa
koMmypTekTuH (IV) okcuayu MeHeH apaKeTTeHHIIIeT:

% CaO+H O=— Ca(OH),; CaO+CO, — CaCO,

Bya yuypja peakIusara KaTbIIIKaH 3aTTap/AblH KypaMbIHAAIbl XH-
MUSIIBIK 2JIeMeHTTep OKAUCTEeHYY /lapa’KachlH 03TOPTKOH 'KoK. JleMek, bap-
IBIK 2JIe KOIIVJIVY peaKIIMsAChl OKUCTeHYY-KaIblObIHA KeJlYY PeaKIUAChIHA
Kupe ODepbenT.

OpyH aavauryy e cypyIm 4blrapyy peaxkiusichl

XUMHUSIBIK peakIUAara TaTaaj KaHa ’KOHOKOM 3aTTap KaThILIBII,
SKOHOKOI 3aTThIH aTOMY TaTaas 3aTThIH KypaMbIHJarsl OMp XUMUAIBIK

2JIEMEeHTTHH aTOMYy MeHeH OPDYH aJiMaliica ajl oOpyH aJIMalayvy pe&KIJ;HHCbI
DoJI0T.

+ 0 +2 0
9CH,COO H+ Zn —> (CH;C00), Zn+ Hz T
+2 0 +2 0
CuSO, + Fe - FeSO, + Cu

Buszaue MHcajjapAa NUHK KHCJOTAaHBIH KYypaMbIHAArbl CYYTEK-
THH aTOMIOPY »KaHa XUMUSJIBIK aKTUBAYYJIYTY KOT'OPY OOJI'OH TeMHp, Ke3
(II) cyab®aTbIHbIH OPUTMECHHJErn Xe3 HOHY (Cu?’) MeHeH OpPYH all-
MallIThl.

AKBIPOO peaKIUACHI

XUMHSAIBIK peakIusara Oup TaTaaj 3aT KaTbIIBIN, PEeaKIMNAHBIH
HaTBHIMKACBIH/Ia OUp KaHYa KOHOKOM JKaHa TaTaall 3aTTap namaa 6oJ0T:

+5 -2 +3
T

0
2NaNO; > 2NaNO, +0, |

T =2 6 +4 0

2K MnO, — K, MnO,+ MnO,+0, T

7Koropky peakmusaigapia Kb[YKbLUITEK 3J1eKTPOHYH 00e.TYII YbIraphlll
oxucTerau. ChIMan, a3oT KaHa MapraHenTep 3;JeKTPOHAY KOIIYII aJbl-
MBI KAJIBIOBIHA KeJIUINTH. XHUMHASIIBIK peaKIusara Oup aje TaTaal 3aT
KaTBIIIBII, PeaKIMAHBIH HaThIMKAChIH/Ia 9KHU 2Ke aH/IaH KOl TaTaall 3aT-
rap naiaa 6oaron yuypsap 6ap. by yaypaa pamTanKhbl ’JXKaHa aKbIPKBI
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IPOAVKTYHVH KypaMbIHarskl XUMUSJIBIK 3JIeMEHTTep/IMH OKUCTEHYY Jlapa-
»’Kachl 63ropOONT:

O
21?9*5"'(0"21-1)3 5 > Kes203“ + 3H,0

(CU20H), - G052 —Y—s 90u 20+ CH0, 1 +H,07

OLIeHTHUNI KOIIYJIVY PeaKIMsIChIHAAN 3j1e, a’KbIPO0 peaKIMsIapbl OKHC-
TeHYY /lapakachlH 03rOPTKOH KaHa 03repTnei xyprouaepy 6osor. Komry-
JIVY 2KaHa aXbIpoo0 peaKIIUAChl OMpHU OMpHHE KapaTa KapaMa-KaplIbl IIPo-
IleccTep. YIIyJI IIpolleccTep OM3AH KypdaraH aijaHa 4eMpeje Oeruyy
TeHZIeIITHKTe »KYpyll TypaT. OIIOHAYKTAaH >KapaThbLIbIII, AYHHO AalbIMa
earepyyre ayyiiap 6osxyn 6up TYpAYY 3aTTapjiaH dalka TYpAery 3arTap
THIHBIMCBHI3 ITaiga 00J10T »KaHa axKbIpalar.

Asvamyy peakimsichbl

Peakmus KM TaTaaj 3aTThIH OPTOCYH/Ia, CYY 3pUTMeJIeprUH/Je KaHa
Kyprak abajiapbIHjia >KYpeT. AJIMaIlyy peakIUsCchl HOHAOPAYH ajIMalIyycy
MeHeH KYpPYII, peaKIIMAHBIH HaThIMKacblH/a I1aija 00JITOH 3aTTap/bIH
OMpH peaKIUAHBIH CACTEeMachblHAH Hayap 9puIeH YOKMOHY, Ia3/ibl »Ke JHUC-
coIlMallUs Aapakachbl TOMOH 00JToH 3aTTapibl maiga kKbuLiar. Muca-
JIBI, HAaTpHUH cyab(haThl MeHeH OapUil XJIOpUJIUHUH, YKCYC KHCJIOTAChl Me-
HeH HaTpu# 'MJIPOKCHANHHMH 7KaHa HaTpUU KopbaHaThl MEHEeH TY3 KHCJIO-
TachbIHBIH OPTOCYH/A »KYPIr'eH peaklusajgap:

CH,COOH + NaOH —» CH;COONa + H,O (T.M.T.)
CH,COO™ +H"+Na” +OH™ —» CH,COO™ + Na" +H,0 (T.H.T.)
H*+OH —» H,0 (K.A.T.)

OKCHTTEeHYY-KaJbIObIHA KeJIYY peaKusaIapsbl

Koropya cuiiep OKCUTTEHYY-KajblObIHA KeJlYY peaKIIHAChIH 3CH-
Hepre TYIOYPAYHOP. OMH TOMOHKY OepHJiIreH peaKIMsajap/ibl 2JIeKTPOH/IVK
»KaHa MOHYK TeopHsIap/AblH HerM3UH/Ie aHAJIU3/ell, THellles1YY Kbl bIH-
TBIK YbIraprbuia:

-

U

Zn+ 2HCI" —> ZnCL:+H, 1

By peaknimsira IUHKTUH aTOMY MEHEH CYYTEeKTHUH KaHa XJIOPHIJUH
HOHJIOPY KAaThIIITHI. PeakKnUsSHBIH JKYPYIIYH/JO IITHHKTHH OKCHUTTEHYY
napakacsl O16H +2re 4eMuH »KoropyJiall, ajl 9MH CYYTeKTHH HOHY +1/eH
Oro ueitme ToMoHAOAY. [IMEK 23/1eKTPOHYH OepuIl, OKCUTTEHYY JdaparkachblH
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skoropyJsarThl. CyyTek HOHY 2JIEKTPOHAY KOIIYII aJIbIl, OKCHTTEHYY Aa-
pa’kachblH TOMOHJIOTTY, HaThIisKaJa IUHK OKCATTEHUIT — KaJblObIHA KeJl-
TAPTHAY, aJl 9MH CYYTeK MOHY KaJIbIObIHA KeJIUII, OKHCTeHIUPTUY posny.

[IpakTHKaZa KeHHPH KOJJOHYJIYI )KYPTOH KYUYTYY OKACTEHAHPIrit-
tep ranoresjep (F,, Clz, Br,, I,), mapranen (VI) okcuau, KaJUi IepMaH-
ragaTel (KMnO,), xpom (VI) oxcuau (CrO,), a30T KUCJIOTACH], KBIYKBLI-
TeK, 030H K. 0.

Kyutyy KagbpI0ObIHA KeJITHPrHUYTep MIeJoUTyy KaHa IIeJOUTYY KEp
MeTasgapbl 6oy casasar. OKMCTeHYY- KalblOblHA KeJlYY PeaKIusila-
pBI peaKIUsira KaThIIIKaH 3aTTTapAbIH KapaThLIBIIIbIHA, KYProH IMIapT-
Tapra skapaiia yd TUIIKe O6JIYHOT; MoJIeKyJlajlap OPTOCYH/arbl, MOJIEKY-
jla MUMHIErH jKaHa 63y OKUCTeHYY sKaHa o3y KaJblOblHa KeJyy (AHCIPO-
[IOPIMSJIaHYY) peaKIUsjlaphl.

Mousekyaaaap oprocysaarst OKK peakuusnap

OKHUCTeHAUPrudTep ’KaHa KaJbIObIHA KeJTUPruiTep peaknusAra xa-
TBHIIIKAH ap TYPAYY MOJIeKyJIaJlapAblH OPTOCYH/Ia KYpeT. Mucasl,

Mn 40, + 4H Cl > Mn *2Cl, + Cl3 + 2H,0
2 | Mn*4 + 2¢ —» Mn "2|kanbIObIHA KeJNAH; OKMCTeHANPrud

21 901 — 2 — 2C1° loxucrenaH; KaJbIObIHA KEJTHPIAY

By komyn ajirag jkaHa 0eJIYIl YblrapraH 3JIEKTPOHAOPAYH CAHBIH
KOPCOTKOH TeHJeMe 3JIeKTPOH/YK OajaHC TeHAeMecH /eIl aTaar. JJIeK-
TpoHAVEK OajaHc TeHAeMecH 0DOIOHYA KOIIYII ajiraH KaHa OeJIyIl yblrapras
3JIeKTPOHIOPAYH caHapbl 6upaeii. MbIHAA 9KX MOJIb MapraHel] (IV) ok-
CHAM TYVpa Kejepu baikanabl. BUpok naija 00Jaros MapraselnTiH SKH
MOHVH 0aiyIaHBIIITHIPYYra Aarsl 9KH MOJIEKYyJIa Ty3 KHUCJIOTAChl KEPEeK.
OmoHAVKTAH KaJblObIHA KeJTUPIrHYTHH POJIYH aTKaprad Ty3 KucJjaoTa-
ChIHBIH aJIAbIHA TOPT KO03(MdHUIIMEeHTH KOKJYI, KajilaH peaKnuiara Ka-
THIIIKAH aTOMJOP OLIOro Kapall TeHAeJaH.

DIeKTPOHAVK-OaJlaHC BIKMAChIH au/lajlaHbll, OKHCTeHYY-KaJblObl-
Ha KeJYYy peaKIUschbIHA arbl OUp MUCAJ Ka3bIl TeHeUIn:

-2 0
H2 S+ st+403 - S+ H20

IMH OKHUCTEHYY Jlapa’kachblH ©3r6PTKOH 3JIeMeHTTepAH OeJiruiien, 3JIeK-
TPOHAVK-DajlaHC TeHAeMeCHH Ka3aJlbl.

=2 0
S—2e - | S okucTeHAH — KaablObIHA KEeJITHUPIUY

4 0
29| S+4e - |S kanpIObIHA KeJAX — OKUCTEHAUPIUY
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DJIeKTPOHAYK-6aaHC TeHIeMeCHHeH KOPYHYIl Typrasai KaJIbIObIHA
KeJITHPIHY OKH 3JIEeKTPOHYH 0eJIyIl Yblrap/ibl, OKHCTeH/IMPIUd TOPT JICK-
TPOHAY KOIIVI ajAbl. Asap/bl KbICKapTHII, aJMAIITBIPBII Ka3raHja
3J1eKTPOH/IVK OaJIaHC TY3YJIOT, KeJIHI YbIKKAaH CaH/{ap/bl KaJIbIOBIHA KeJl-
THPIHY 2KaHa OKHCTEHAMpPrudTepre Koah@UIHeHT TYPYH/O Ka3blIbIII, TEH-
aeMezlerd KajJraH aTOMAOP TeHJIeJIHII KOolJjaT:

o) 4 0
2H,S+H, S0, »3S+3H,0

KesnTHpres oKMCTeHYY — KaJjbIObIHA KeJlYY PeaKIMACBIHBIH TeHIeMe-
CH KOpCOTYII Typragjai, ap 6aika saTrtap/ia KapMaJIbll KYPIoH oup aie
3JIeMeHT — KYKYPTTYH OKHCTeHYY Zapa’Kachl ap TYPAYY 9KeHUH KOPCOTTY.
OmI0JI OKHCTEeHYY /laparkackl ap TYPAYY 00JroH KYKYPTTYH aTOMAOPYHYH
OpPTOCYH/Ia 3JE€KTPOHA0p OMp aTOM/I0OH d9KMHYHMCHHE OT6 aJla TypraHblHa
MHcaJ boiay.

Moaekyaa nunagern OKK peakumsiiapsl

OKHCTeHJUpPIruyY KaHa KaJbIObIHA KeJITUPTrUY OUP dJ1e 3aTThIH MOJIe-
KyJlachIH/la KapMaJlbIll JKYPCO, aH/Iall peaKIUsIap/ibl MOJIEKYJla HIMH/erd
OKK peaknusiyiap gen aramar. MbeIHIal peakIiusiapra Ko4yjayK TepMu-
KaJIbIK bIKMAa MeHeH a)KbIpail TypraH IIpoleccTep MHcajl 00JI0 ajbIIIarT.

IKCIE 02— 2KCI5 +303

2 1C1*"®* +6e — Cl | xanpIObIHA KeJJAH, OKUCTEeHANPruy

=, 0
3'20 “-4e —»> 0O, ' oOKHCTeHJH, KaJblObIHA KeJITUPIHY

JIMCIIPONIOPUMAJIAHYY /e 03Y OKMCTeHYY 63y KaJbIObIHA KeJIYY

peakKimaaapbl

BUpHKMeHHMH KypaMbIHJa OUp TYPAYY XMMHUSAJIBIK 3JIEeMEHTTHH aTOM-
JOPVHYH OKHCTEHYY Zlapa’kachblHBIH KOT0OpPYJIAllbl KaHa TOMOH/IOMIY Me-
HeH »KYPreH peakmusaap 6ap. [lucnpornopinusianyy peakiuajlapblHa Ka-
THIIIKAH OaIITallKbl OMp 3aTTaH peaKIMAHBIH HAaTbhIMIKacbIH/lAa 9KM JKe
aHIaH KOIl yKaHbl 3aT aJbIHAT. MHUcaabl, a30TTYY KUCJIOTAaHbIH, HATPUU
IPATIOXJIOPUTHHHUH a’XbIP0O0 TeHIEeMeCHH Ka3aJbl.

SH?! T+302 == HN+503 + 2I\T+-20 1r Hzo

+3 - T+
IR INE e =N OKHCTEHYY — KaJIbIObIHA KeJITUPIruY

13 B 2
2 | N** +e- > N KaJIbIObIHA KeJYY — OKHCTeHAUpPIuY

Bup 6MpMKMeHHH KypaMbIH/IaTrbl OMp 2J1€ XUMHSUIIBIK 3/IeMEeHTTHH aTOM-
JIOPYHYH OKMCTEHYY AaparKachbIHbIH JKOTrOpyJlalllbl 7KaHa TOMOH/IONIY MEHEH
YKYProH peakI#sijiap AUCIIPONOPIUSIIAHYY PeaKIUsACH Jell aTajar.
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§ 3. AsutorponusJIbIK aWJIaHbIIITAP, U30MepJIeHIyYy,
[MOJMMepJIenyy peariusiiiapbl

Bup aile XUMHSIIBIK 2JIeMEHTTHH aTOMYHYH OHp KaH4a KOHOKOHU 3aTThl
naiijia KbUIyy KyOYJIYIIVH aJUIoTPOIHs, aj1 9MH OLIIOJI Iaija DOJINOH KOHOKOM
3aTTap/Ibl JIEMEHTTUH aJUIOTPOIHMSIIBIK TYP 63ropYIIY /Iell KOIOMIaT.

KBIYKBLITCK 2JIEMEHTHHHAH KU AJJIOTPOIMASIIBIK TYPY OeJIruiIyy: Kbrd-
KBUITEK ’KaHa 030H. KpIUKbLITEK OeJIrniIyy IapTTa O30HT0 OTO ajar. Kbru-
KBUITEKKE YKOIOPKY 9JIeKTp pas3pAJlapblH TaacHp 9TKeH/le O30H IIan/a 00-
sotr. JlabopaTopusila 030HATOP KypaJibl MEHeH O30HJAY ajicak, apaThl-
JIBIIITA YarblJraH YapThUIAIl, *KOTOPKY 3JIEKTP paspsaalapbl aiaa DoJ1-
roH0 abajarsl KbIMKRIJITEK O30HI0 ailaHaT. YIIYH/A# dj1e KbIYKbLITeK-
THH 030HTO aiijIaHyy IIPOIleCCHH HHHEe KaJIObIPaKTyy TOKOHJIOPAOrY Kapa-
raif YaisIpiapbl abazarsi Kb[MKbUITEKTH O30HTO aujlaH/bIpaT.

3(}3;2 3JIEKTP VYKVHY ;203

O30H 03roue XUMHUASIIbIK aKTHBAYYJIYKKO 39 00JIrOH KbIYKBUJITEKTHH
AJJIOTPONHUSIIBIK TYP ©3repynry. AHBIH MOJIEKYJIachl FKEHUJI aKbIpall, aToM
TYPYH/OT'Y KbIYKBIJITEKTH I1ak/la KbLJIaT.

O, 0,+ «O» aToMapJIbIK KbIYKBLITEK.

PeakIMsHBbIH HaThIMKachIHJIa NMaiga 00JINOH aTOMapAbIK KBIYKBIJI-
TeK KOITUYJYK 3aTTap/Abl OKHCTEHJAHUPEeT.

AJIJIOTPON U AJIBIK 03T'O0PMOIOPre KOIUYJIYK XUMUAIBIK 9JIEMEHTTEP
nyymap 6osymar. Mucaibl: KYKYpT, hochop, KpeMHHH, KOMYPTEK 7K. 0.
OUp KaHYa KOHOKOI 3aTTap/bl Haija Kbljla ajJplar. KYKYPTTYH KpHcC-
TaJJABbIK, IJIACTHKAJBIK, (hochopAVH aK, Kapa sKaHa KbI3bL TYPJIODY,
KOMYPTEKTHUH ajaMas, rpaduT, KapOuH KPpUCTAIIJABIK KaHA aMopMhTYK
KpeMHUM ajJIOTPONUAJIBIK aljIaHyyJJap/AblH HeTH3UHE namnja oosryuiar.
MpBIHAAH AJISIOTPONUSJIBIK aljlaHyyJap YYypyHJAa CTPYKTYPaJIblK 03ro-
pyyJjep 6osiyn, bailjlaHBIIITapPhl JKaHa aTOMJIOPAYH MeUKHHAXKTery »au-
ramnryy opyHjaapsl 03roper.

Mucaibl, Ceru3 aToM KYKYPTTOH TypralH KpHUCTAJJIABIK TOPYO bICHI-
TyyaaH OyayJjyn ap 6amkada jKauramsll KajaapblH ousiecuHep (CYpOTTY
Kapa). S,2>S S, oTYIY bIKThIMaJL.
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Hszovepireinyy peakmsaiiapbl

3arTapAblH KacHeTTepH ajlapJAblH KypaMbIH/Iarbl aTOMZIOPAYH CAHbI-
Ha 3J1e 6aiIaHbIITyy 60160CTOH, ajJ aTOMAOPAYH MEHMKUHAUKTE XKaura-
myy TapTudonHe OaisaEbpIITYy 60s0T. MBIHAAM 63TODYYHY H30MEPHUS K-
OVJIVIIy TYIIYHIYPOT.

KypaMpbl, MoJjIeKyJajIbIK Maccajlapbl 6upzed 00ayIl, MOJIeKyJIaJIbIK
TY3YJIYLITOPY MeHeH ailblpMajlaHIraH OMp 3JIe 3aTThIH ap TYPAYY 3aTTap/bl
naijia KbUIYy KyOYJIVINY H30MepHs Ke H3oMepJielnyy el arauar. Mzove-
pHS KYOYJIVIIY OpraHMKaJIBIK 3aTTap/bIH 0ap/bIK KjIacCTapblHA MYHO3AYY.
HNzomepusi KyOyIyiry 6MpuKMe/ler KOMYPTeK aTOMYHYH YbIHKbIPbIHA, KOIII
yKaHa YITYK OaiUIaHBIIITAPALIH OPAYHA, QYHKIIMOHAI/BIK TOITOPAYH KaH-
ralgblIbIHA, 0eH30I HIaKeKYeCHHAerH OpyH aJIMallThIPrbMTap/AbIH »Kal-
ramyy TapTHOMHe, OIIOHAOM 3¢ MeMKHHIUKTHK CTepeou3oMepusaapra
faistageIInTyy Oo0oJioT. MHucalsipl, MEeHTAaHra Tyypa KeJI'eH H3oMepJiepaH
7Ka3aJbl.

CH;CHE—CHE—-CH;CHE — H-IIeHTaH

1 2 3 4

CH; - CH — CH, — CH;
| — 2-MeTHJ OyTaH
CHj

CH,
1 2| 3
CH; — C — CH3 — 2,2-aumerni npomnas

CH,
OpraHEMKajabIK 3aTTapAblH KYypaMblHAarbl GPYHKIIMOHAJIIBIK TOITOP-
AVH »KalrankaH opyHAapbIHA »Kapallla u3oMepJiep nanjaa 00J10r.

CH,- CH,- CH,—- OH - 1-nponagno.
1 2 3
CHz; - CH,; — CH;

l
OH
C H, bopmyiacsl MeHEH TYIOHTYJITaH YIJIEBOAOPOAYH KYPaMbIH/Ia-

r'bl YYTYK OalJIaHBIMITBIH JKauramyycy 0oioH4Ya nmaujga 00JroH uaomep-
jlepre MHCaJl KeJITUPeJIN:

— 2-IIPOIIAHO.I

4 3 2 1 1 2 3 4
CH; -CH, -C=CH> Gl —C=C=CHxw
1-6yTuH 2-0yTHH

C,.H,,COOH dopmyiacsiHa Tyypa KeJIreH MOJenH KHUCIOTachl MeH-
KHHJAAK 9KH U30MepAHd IIanjia KelIaT. AJl TOMOHKY/I0M »Ka3bljiarT:
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H H CH3;—(CHy)7 H
.

Ne=c’ C=C/
SRS A e -
CH3—(CH )7 (CH,);—COOH (CH );—COOH
LU1C-U3omepu TpaHc-n3omMmepu

CgH5CHg — Tos1yosIiyH KypaMbIH/AATEI DeH30JI IIIaKeKYeCHH/le OPVH

aJIMANITBIPTBIYTAP/BIH Kalramslbl 00I0HYa ap TYPAYY 3aTTap nmamaa
DoJsyuIar.

(led (FHg (EHB
C - C C
= So-0H =z \” —
R | X ~C—OH RN
C
I
OH
0-Kpe30/ M-Kpe30/l n-Kpe3on

[TosmMepJrentyy skaHa MOJUKOH/IeHCAIUA peaKIMAJIa Phl

MoJieKyJiachbIHBIH KYpaMbIH/Ia KOIII KaHa Y4TYK faiyiaHBIIIITAPBI DApP
VIJIeBOIOPO/UIOP MOJIMMepJIellYY peakIuslapblHa KaThIBII HPA MaKpo-
MOJIEKVJIAIVY 3aTTap/ibl Maija KbLiblmar. Mucasl: 3TUIEH, IPOIHJIEeH-
OVH IIoJAMepJielllYy peaKIAusajIaphl:

Al 6 = CH, 538 (eH) = CH

nH ,C = CH b Ban }(— CH, —C'H—]n

CH 4 CH

[TonuMepsep/iH KacHeTTepH aHbIH KypaMbIH/arbl MOHOMEDJIEP/NH
caHbIHA, aJapAbIH TY3YJIYIIYHO, MeMKHHAUKTHK CTPYKTYpajlapblHa sKapa-
ma 60s10T. Mucasbl, 3THJIEHAH ITOJUMEPJICIITHPYYAO IoJUMeEpJIenlyy Aa-
paskacsl 20ra akKbIH 00JI1C0, aH/la WIIIIIKEK CYIOKTYK aJbIHAT. bamka
mapTTa nosJuMepJernyy Aapaxacsl 100re uenus 60JI1Cco, KYMIIaK YaubIp
CHISIKTYVY 3aT ajJblHCa, [IapPTTHI 63r6pTYY MEeHEeH IoJIMMepIenyy lapazka-
cbl 1000re sxeTce, KaTyy noJiAMep aJbIHAT.

JIMeHAUK VIJIeBOJOPOAAOP AArbl OJHMEpenlyy peakKIuAIapblHa
sKOHAOMAYY Ooaymiar. ZKoropky MoJieKyJiajayy 3aTTap/bl aJIyVHEYH pamka
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narsl OMp sBIKMachkl 0ap, aj NOJHKOHIeHcallud peaKIUsCckl DoJIyI caHa-
jarT.

doropky mMojieKkyJ1anyy 3aTrapAbl, TOMOHKY MOJIEKYJIAQJIYyY 3aTTap-
aH aJlyyja KoIyM4a OPpOoAVKTYVHY IIala KbLJIYY MeHeH »KYPIroH IIpollecc
IIOJHUKOHZIeHCAIlU A peaKIIUsCkHI Aen artanar. [lonnKoHAeHcallusa peaKI[Usi-
Cchl yYypyHAA OamITanKbl 3aTTHIH MOJIEKYJIachkl 9KHJIeH KeM aMecC 3aTTap
MeHeH apakeTTeHunier. MbIHAal OUpHUTrYY Kol OalJIaHBIIITHIH 3ceONHeH
aMec, 3KH Oamka GYHKIUOHAIABIK TOITOPAVH apaKeTTeIlYYCYHOH >KYpPOT.
Cuyiep DoJIMKOHZeHCAallu s peaKIIUsichl MeHeH IIoJucaxapuaiepian, aMUHO-
KHUCJIOTaJIap/lbl OTKOH/I® TaaHBbIII DOJITOHCYHAP.

AMMHOYKCYC KHCJIOTAChIHBIH OMp KaH4Ya MOoJIeKyJlachl apaKeTTeHH-
mun (aMmuH ToOY MeHeH KapOOKCHJI TOIITOPYVHYH apakKeTTeHYYCY) JKOropKy
MOJIEKYJIanyy OMpHKMe »KaHa TOMOHKY MOJIeKyJia CYHYY Iauja KblLJI/bIL.
[Tajina 60JIrOH MaKpoMoOJIeKYJIaHbIH KypaMbIH/Ia KOII K0JIy KauTaJIaHYy-

H O
4y 3JIeMeHTap/blK 3B€HO caKTaJar: \‘! CH C :
N 0 — C—

[ToruKOHeHcAIlUA peaKIUsCchlHA ap TYPAYY @YVHKIIHOHAJABIK TOII-
Topy Oap 3aTrrapAaH THIIIKaphl OUp GYHKIMOHAJIALIK TOOTOPY Oap 3arT-
Tap Jlarbl KaThllna ajgar. MbpIHIaM yuypla YbIH>KBIP/AbIH y3apbINIbl YYYH
9KHMHYH OalKa 3aTThlIH (D) VHKIIMOHAJABIK TOOY OMPUHYM peaKIUsra Ka-
THIINIKAH 3aTThIH KypaM/bIK 06JIyry MeHeH e3apa apaKeTTelIKeH el
bosor. Byra Mmucaiy Karapsl (h)eHOJ MeHeH (popMaJjbJlerH/IINH apaKerT-
TelLIYYCYH Kapaujbl.

MDeHOJAYVH MOJIeKYJIachlH/Iarbl aTOMAOP/AVH TOINTOPYHYH €3apa Taa-
CUpPJIEpPHHHUH HaThIMKachbIHZAa (DeHOJIAVH MoJleKyJacbklHjaarsl 2, 4, 6
KOMYPTEK aTOM/IOPY MeHeH DalyIaHBIIIIKAaH CYYTeK aTOMI0PY KbIMMBLIAVY
KeJIMII, aabJeru]] To0y MeHeH peaKIlusira Kuper.

/OI;I -------- -0
@) \ C=OH
=z ‘CI-‘I =G Ll CH,-OH
\ \
deHon dopmansgerua heHoncnupTH

PeaKIIUAHEIH HaThIMKachIHAa Hanga O0JINOH apaJiblK 3aT (DeHOoJI-
COHUPTH Kalpa (eHOJAYH MoJIeKyJiachl MeHEeH apaKeTTeHHIIIHNII, cyy »KaHa
JKOT'OPKY MOJIEKYJIalyy 3aT nauaa dbosror. 1langa 60Jros npojiyKTy Mera-
HaJIb MEHEH KOIYJIVII, aH/IaH aJbIHI'aH 3aT Kaupa (hpeHoJI MeHeH apaKeTTe-
HUILIINI, HaThlizKaza eHoadopMaibaeru/l Yyaublpbl aJblHAT.
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C<OH c—coH | _c=oH C=OH |
= CH,0H & 2 CH>
I Y - 3 nHZ(]
N A N A .

denoopMaIbAeT A/l ITOJTUMEPUHIH TY3YTYITY MeUKHUHAUK TOp4o DOJIOT.
MelKHHIUKTHK TY3YJIYIITOrY IOJUMED TePMOILIaCTUKAIYYJIYIYH HKOTO-
Ty, OexeM 00JIyIl KajarT.

TepMOIIACTHKANYYIYKTAH aibIpMaJlaHblIl, JKOrOPKY TeMIICpaTypa-
1a opudei yKaHa MKyMIIapdoau TypraH IoJIuMepjep TepMopeakTUBAYY I10-
aEMepJIep jlenl arajar. PesorhopMaIbAeri/l NoJIUMEPH TepMOpPEeaKTUBAYY.
denosihopMaabAeTrnjl IIoJIUMepruHe (uaiibIpbIHA) ap TYPAYY TOJTYKTOOHTOP-
AV KOILIVY MeHeH (JKbpIrad TaapblHAbLIAPHI, altHeK Oys1achl, ap TYPAYY 0oe-
yy 3aTTap/bl, IaXTaJaH jKacajrald Kes/ieMeJlepAnH Y3YH/YJIOPYH K. 0.)
deHoIhopMaIbAer i/ IJIaCTMACCACHL aJIbIHAT, WIIT KY3YH/IO ¢deHOILIACT JIen
arasaT. KolnysjaraH TOJYKTOOYTOPro Kapara (peHoIlacTapAblH TYPJIODY
nmaiiga 0os10oT. AJjlap TEKCTOJHUT, BOJIOKHHUT, 'éTUHAKC, alHeKIacT, Kap-
60T K. 0. Jel aTajablmiar. Ajlap canaTblHa, KacHeTHHE JKapalia TYPAYY
TapMaKTapja KoJIIOHyJIaT.

TekCTOJMUTTEH MAIIUHAJAPAbIH TEeTUKTEPUH, NIaPpHUK-ITOATITAITHHAK-
TepHH Aaspjaamar. byjgap 4oH KYYKO TYPYIITYK Oepyydy »kepJiepjie KoJl-
noHyjaT. MbIH/aH KacajJrad MalllHHaHbBIH TETHKTEPHUH CYy MECHEH Mau-
gamar k. 6. FeTHHAKC paJiio-3IeKTPOTeXHUKa/Aa 3JIeKTPOUIOTATIH AJIBIK
MaTepHaJl KaTapbl KOJJIOHYJAT. AVHeKIIJIacTaH 4YOH 6J149eM/Aery aBToMO-
OMIIiep/IMH KY30BJ/IOPY, aBTOIIUCTepHAIap, kapbosUTTeH TeJedOoH amla-
paTTapsl . 6. xkacaygaT. Kpickachl (peHOIIACT 31 yapbachblHbIH TYPAYY
TapMaKTapblHA KYJIaYbIH KeHEH »Kalblll KHPHUII KeJII'eH IIOJTUMED.

OmIeHTHI IIOJHMepJellyy, DOJUKOH/IeHcallusa peaKnusaIapblHbIH
yKapAaMbl MEHeH OHJIYPYJII'oH IIOJUMepPJIep 3.1 yapOachlHBIH, TeXHHKA-
HBIH TajJalTapblH KaHAaTTaHABIPYYy4y TapMaKTap/Aa KeHHPH KOJIAOHY-
JIVII, apbIMAaphbl MEeTaJJl KOHCTPYKIIUATAPbIH aJMalThIpyyra 4euuH
mafianaEpUIyyAa. By mosuMepsiep IOJIUITHICH, IOJTUIPOIMIICH, 110-
JIAXJIOPBUHMAJ, IOJIUMETHIMETaKpHJIaT, HOJUCTHPOJL JKaHa heHOIDOP-
MaJThbIer /I moJduMepieps k. 6. [Tosumepirenyy peakIiusAIapbIHbIH Ha-
TBIMIKACBIH/IA CAHTeTHKAJIBIK Kay4YyKTap, CHHTETHKAJIbIK oysajnap, KHp
KeTUPYY4dYy KapakaTTap 6HAYPYJIOT.

drepuduranua peakuAaIapsl

© Kucaomanap menen cnupmmep apakemmewun mamaai aghupdu
Hana CYyYHY naitda KolAzaH peaKkyus Imepupuiayui peakuuicsl JC
atasiaT. DTepud UK IPOIlecCH KalTaJlaHyy4y IpoIecc. Couprrep opra-

112



HHUKAaJBIK 3MeC »KaHa OpraHMKAaJIbIK KHCJIOTaJIap MEeHeH apaKeTTelIHUIl,
TaTaaJs a(hupJaepan KaHa CYyYHY Iayia KblibIar.

HO_ 4’0 CH3—CH—0_ ‘70
CH3-CH,-OH + S Sy T HO
N )

KYKYPT KMCNOTacblHbIH 3TUN 3hupwu

0 0
7 %
CHg=C_ +HO-CHz —» CH3-C\ + H,0
OH 0 — CHj3

YKCYC KMUCJ10TACblHbIH METWI/I SCDHPM

JTeprUhHUKaAIIAs peaKIINACIHBIH IPOAYKTYIapbl KOIITOIOH TaTaasl APUP-

O
|

jiep 6os10T. MHcCaIbl, KYMYPCKa MeTHJI 3(h)HUpHU H—C -0 —CH. ’ Yxeve

1 D

aTr1 3¢upu CH, —C -0 —C,H. , ykeye avw apupu CHz — C -0 — C5Hy,
o s

> SO,
KYKYPT KHCJIOTACbIHBIH 3THJI, MEeTHJI 3(1)HpH ’
CH:=—0

CH, — O — NO,

|
BH 0= NO,

Y4 HUTPOTJIHIEPHH { »K. 0. 3arTap.

CHy; — O — NOy
ITepuhHUKaAIINA peaKIIUACLIHBIH IPOAYKTYJIapbIHBIH KOJIJIOHYY Tap-
MaKTapbl 0T6 KeHUpH. Taraas achups1epAnH KOIIYYJIYTY 39pUTKHAY O0JITOH-
NAVKTAaH OpraHMKAaJIbIK 3aTTap/Abl apuTer. Konuynyk Taraas acdupaep xe-
MHIITEePAHNH 3CCeHIIUsIIaPbIH Aasgip/lo0J0 »KaHa MeJIUIIUHAa, ITaphoMepHsi-
na, JJak OHAYPYYAe, alpbIM/Iaphl ILJIaCTMAaCcCaHbl, alleraT »KNO0eKTepuH ajyy-
Ila, KapbLIrbI4 3aTTapbl 1asgp/100/10 KOJIJIOHYJIAT.

"

.? Cypoonop XdHa KoHyryynop

1. Cuctemara aHbikTama 6eprune. Cuctema kaHyara 6onyHoT?
2. [ omoreHayy peakuusira mucan kentupun, aHibiktama beprune.
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3. [eTeporeHayy peakuusHbl kaHnaw TywyHocyHep? Mucan kentuprune.

4. KatanvaaTtop XaHa KkaTtanu3guk peakuus XXOHYHI0 6unreH maanbiMaTbiHap-
abl antbin 6eprune.

5 KaitanaHboouy peakuusra aHbiktama bepun mucan MeHeH panungerune.

6. KalTanaHyydy peakuusiHbl KaHaau TylyHocyHep? Mucan kentuprune.

7. XUMUSNbIK peakLMaHbIH Xblnyynyk atbdeKTucH KaHaawn?

8. TepMOXUMUANbIK TEHAEMEHW KaHaan TylwyHocyHep?

9. OKWUCTEHYY AapaxanapbiH 03ropTyy MeHeH XYProH KOouyIyy KaHa axblpoo
peakuusnapblHa Mucan kentuprune.

10. Peakuusira KartbllKaH 3atrapibiH KypaMblHaarbl aroMaop OKUCTEeHYY Aad-
paxanapblH O3ropTNoi XYProH Kowynyy aHa axblpoo peakuusnapbliHa mMucan
Kenruprune.

11. OpyH anmalllyy XaHa anmatilyy peakuusnapbiia Mucan KenTupun, aHblk-
Tama beprune.

12. OKUCTeHyy-KanbibbiHa Kenyy peakumanapbiHbiH kaHaawn Typnoepy 6ap?

13. AnnoTponusnblk annaHyynapabl kaHaan TyllyHecyHop? Mucan meHeH
ganuwngerune.

14. aomepnep KaHgau TonTopro 6onyHoT? Mucan kentuprune.

15. Monumepnelyy peakuuscobl Aen IMHEeH! anTabbi3? NonumepnepauH KaH-
nai TypnepyH 6unecuHep?

16. MNonumepnep 2N YapbacbiHbiH KaHAau TapMakTapbiHaa KongoHynart?

17 MONUKOHAEHCAUMS peaKUMsCbiHbIH HaTblKacblHAa alblHraH nonMMep-
nepavH NpakTukanbik pony kaHaaun?

18. Monumepnewyy XaHa NoNMUKOHAeHCaUuus peakuvanapbiHblH OKLOWTYK
XaHa aublpMayblnblK XakTapbl Kavcbinap?

19. Arepupukauus peakunacbiHbiH HaTbIMKacbiHaa anbiHraH 3arrapibliH an-
pbiMAapbIH atarbina.

20. C_H, - 3aTblHblH MYMKYH B6ONroH usomepnepuH Xxasrbina.

21. 0.25 Mosib HaTpuiArnapokapboHaTbiH axXblpaTkaHia (H.Ww.) BoenyHyn YbiK-
KaH Konomaory koMypTekTuH (V) okcuauH, akutall cyycy apKblyy 0TKO3roHao KaH-
4a rpamMm Kasnbuui kapboHaTtb! nauaa 6onor?

22 O 2 aniOMUHUA KbIYKbINTEK MeHeH apakeTTellkeHae 273,5 KK Xbinyynyk
GonyHyn YblkkaH. byn peakuusiHbiH TEPMOXUMUATILIK TeHaeMecuH Ty3ryne.

23. KyKypTTY KblYKbINTEKTEe KYUry3roHao 16 2 kykypT (IV) okcuau nanaa bonyn,
olwon peakums ydypyHa 73,15 kDK KbINyynyk BonyHyn YblkkaH. Yilyn peakumsHbiH
TEePMOXUMUANbLIK TEHAEMECUH Ty3ryno.

24. 0,25 monb cbiman (ll) okcuau axblparaiaa 22,5 kK Kelnyynyk Tanarn Kbi-
NblHAbI. AXbIPOO peakUMAChIHbIH TEPMOXUMUSANbIK TEHAEMECHH Ty3ryne.

25. ToMoHKy BepunreH TeHaeMeaery OKUCTeHyy AapaxachblH o3ropTkeHaopAy
6enrunen, anekTpoHayK 6anaHac bikMachiHblH Herm3uHae TeHaermne. OkucTeHaunp-
rMY KaHa kanblbbiHa kenTupruyTepau KopCcoTKyo.

K,Cr,0, + H,80, + KI =Cr,(SO,), + |, + K, SO, +H,0
KMnO, + H,SO, + H,S = K;SO, + MnSO, + S+H,0
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»1200paATOPHSIIBIK TAXKPBINDAAD

ITosrmaTHIIeHANH KacHeTTep:d MEeHEeH TaaHbIIYY

1. IToauaTHIEHANH YJATYCYH CIIMPT IaMbIHa BICBITKBLIA. OMHEHHU
bakaapiHap? dyMmapras noJu3THIeHAUH (hopMachlH allHCK TasiKyua-
HBIH ’KapjJaMbl MeHeH O03ropTKYJe. O3roproH dbopmMajaars! II0JH3THIICH
YJIPYCYH My3ZaTKbLIa. AHJaH KHUUH aJ YJITYHY 001M0 TeMIiepaTypachlH-
J1a O3repTYYre apakeT ’kacarblLila. TaXpbliibaZlaH ajJbIHI'aH MaaJIbIMarT-
Tap/bl HII jlenTepuHepre »ka3rblia. ALbIMBIHTHIK YbIraprblia.

2. IlommaTHieHIUH YJIT'YCYH KYHUryaryJo. sKajabIHABIH TYCYHO, KYHYY
IIPOAYVKTYJapblHa KOHYJ Oypryjaa. OMHeHN OalKaagbIHaAp?

3. Kasnnit nepmMaHrasaThIHbIH 3pUTMECH »KaHa OpoM cyycy KYIoJraH
KM IIpOoOHMpPKaJiarsl 3aTTap/ibIH OHYHO KOHYJI OypryJia. AHAaH KHHMUH 9KOOHO
TeH OUpJiel 6J196M/10 IOJIUITHIIEH KeceK4YecHH cajirblia. BUp KaH4ua MH-
HyTa YauKarslila. balkarad MaajibIMaTTapAbl 3CHHepre TyTKYy.Ja.

4. KYKYPT KHMCJIOTAaChIHBIH >KaHa HATpPHUM LIEJJOUYHYH dpHUTMeJlepH
KVIOJIlaH 9KH IpobUpKara IoJIM3THJIeH KeceK4YecHHeH 2—3TYy caJjirslia.
Yajikarsuia. IMHeHHN bakansiHap? Oa3repyy 6aikaiaablOob?

Taxpp1iibalaH aJbIHIaH MaaJjbIMaTTapra TasHbIIl, NOJIUITHIICHINH
KacueTTepH 00I0OHYA »KBIMBIHTHIK YblraprslLia. M opysaapsiHapabl HpeT-

Ke KeJTHUPHII KOUry.JIa.
2. JLOropky MoJIeKy 1aj1yy OMpUKMesliepleH AasgpAajraH IIjacTMac-
caJlapAsbl JJabopaTopusaa KaHTHUII TaaHBIII-0HMJIYYre 600T?



VI znasa

AMPBLIM 3ATTAP/IBIH OHYPYIITO AJBIHBIIIbBI

§ 1. Kykypr KucCI0Tachld OHAYPYY

KyEYpT KHCI0TAChl XUMUSA oHOp KA bIHBIH HEIM3HH TY30T JIECEK
sKaHBLI0A66I3. AHTKEHN XMMHUA OHOP’KauUbIHAA KYKYPT KHCJIOTACHI
TeXHOJIOTHSJIBIK IIpoIeccTepse KOJJOHYJIAT. KYKYPT KHCJIOTACbIHBIH
KacueTTepuHe 6aMIaHBINITYY ap TYPKYH 6HAYPYUITO, TYPMyIITA KeHH-
P KOJIAOHYJTaH/bIKTaH, aHbIH ©3YH KON 6JI96M/0 OHAYPYHI ajlyy 3a-
PBLIYBIIBIIBl KEeJHUII YbIrarT. KyKypT KHCJIOTAChIH OHAYPYYAO aHBIH 7Ka-
paThLJIBIIITA KEHUPHA TapKaJral OUpUKMeJIepH KaHa dPKHUH TYPAOrY
KYKYPT, aifpbIM TYCTYY MeTasII/lap/ibl OHAYPYYAOT'Y OHAYPYI KaJJAbIKTa-
pbI k. 0. CbIpbesIop IlallajlaHbLIaT (6.1-cxema). KyKypT #Kep KbIPpThI-
mblHbIH (Maccacsl 6owrva) 0,05% HH TY30T.

6.1-cxema

KyKypTTYH ’KapaThliIbILITATEI CEIPHLEJIOPY

! Temup KoJYe/laHbl Kykypt (S) Tycryy meTajuIAap/ibiH
| xe nupur FeS, cyab(uaiepu
x T ZnS, PbS, Cu,S
Coipse
v l
| OHYpPYLI
- 7Ke3 xkoJsiyesiaHBbl, umnc KATHIKTADEL
|L nupur FeS,. FeCuS, CaSO, . 2H,0 H.,S . 6.

AKBIPKBI 3KbLIIapbl KYKYPT KHCJIOTACHIH OHAYPYYT'O KOMILJIEKCTYY Ma-
VITLIE 3KaCc00 DarbIThl 6achIMAVVYIIVK KbUIyyaa. Mucaibl, TYCTYY MeTaL11ap/bl
aJTap/IbIH CYJIh(MH/UIEPIH OHAYPYY/AO Harjia goaror KYKYpT (IV) okcuzu (SO,)
skaHa KYKYPTTYY cyyTek (H,S) cbipbe KaTapbl KOJIAOHYIyYyAad. MpgBiHz12 ap
TYPAYY XMMUSUIIBIK OHJAYPYIITOPAYH OMPreIelInil MIITOO0 NIPpUHINON HII
JKY3YHO ambIpbLIyyAa. KYKYpPT KHCJI0TAChIH OHAYPYYdY KOI 3aBO/IJIOPAO
TeMUp KoJIue[aHbIH — IIMPUTTH KYHI'Y3YY MEHEH KYKYPT (IV) oxcuaa ajbl-
HaT.
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Tevup KosgemganpiHal KYRYPT (IV) okenann aayy

JlabopaTtopusabsIk maprra SO, Hx 6.1-cypoTTo KOPCOTYJIIOH KypaJl
MEeHeH aj1abbI3.
AlHeK TYTYKKO TeMHp KoJIdeJaHbIHbIH OMp KaH4ya 0OJIYTYH caJblll,

aHBI BICBITYY KepeK. blchiran TYTYK apKbLIYY aba Ke KBIUKbLITEK 2Kuoe-
TeHYY peaKIIMsACHI »KYPYH, KeCKHH »KBITTYY KYKYPT (IV) okcuam maujaa
60JI0T, aJ alHeK TYTYKTYH 3KHMHYHM »KarblHJarbsl ra3 eTyydy TYTYK apKbI-
JIAIITHIPBII KOKJraH. AHBIH OHYHYH O3rOpYLIY MEeHeH KYKYPTTYY KHCJIO-
TaHBIH nanjga 00JroHyH 0MJ1e0H13.

TeMHp KoJide/laHbl — MUpHUT FeS, aTallbIH Melll-

Te KyHiryayJer. Kyirysyydy Meuire TeMup KOJI- FeS,

narbl abaHBIH KYpaMbIHJIarsl KbIYKbLITEKTHH ‘Y

KapMaJIbIIl TYPYVY KOHIleHTpalusCcblHA, KOJI- 2

©JI9YOMIOPYHO (2—3 MMm), ajap/Abl apajlallThl-

PBIII TYPVV JlapazkachlHa KaHa Koj4yeJdaHAbIH

puier. blceiran TeMHp Kojye/laHbl KbIYKBUITEK MEHEH THHHIIIKEeH/le OKHC-

JIVY cCTaKaHJIarbl cyyra cuHupuier. CtakaHjgarsl cyyra HHAUKaTop apa-
KYKYpT KHcJIOTachlH OHAYPYYYY 3aBOI0

YeJaHBIHBIH KYHYY BLIAaMABITBI TOMOHKY ﬂ

mapTrapra 0amJaHBIIOTYY: KYHYY 30HACBHIH-

yeJaH/AbIH MaMjgajaHralH OOJIYKYOJOPYHYH

JKeKe KacueTTepUHe »kapalia 00JI0T.

6.1-cyper.
A3BIPDKBI XHMHUSA OHAYPYLUYHYH HErH3I'H KykypT (IV) oKcuanHuH
OIPUHIIUITEePUHUH OUpPHU TeMUpP KoJa4eAaHbIH — nabopartopusina anbiHbilb.

CBIPLEHY TOJIVK, Y3TYJITYKCY3 KYHUIY3YIl, KYKYPT

(IV) okcmawH Kem eHAYpYY OoJsiylr caHasaT. Ara KeTHIIYY MakcaTbhbIH/a
KYHAYPYYYY MEIITHH OHAYPYMAYYJIYT'YH 7KOropyJjiatyy Kepek. Melire »KYproH
XAMHUSUJIBIK peakIlis 3K30TePMHKAJIbIK OOJINOHAYVKTAH peakIUus Y4YYpVYH/a
0OJIYHYII YbIKKAH dHEPrusHbI CHCTeMa/laH Yblrapblll, aHbI MAKCATTYY I1aiijia-
JIQaHTaH Iypyc. XUMHUSUIBIK IIPOIecCTepAM ONITUMAJIAIITHIPYY, OallIKapyy »KaHa
TeKIllepYY aBTOMAaTTBIK aclalTap/bl Tyypa nanaajiasa OuiIyy MeHeH »KYpry3yJIorT.
MemTHH MIIWH ONTHMAJIZIAIITHIPYY Y4YH ChIpbe KaTapbl »KapaTbhbUIbIIITAaH
aJIBIHTAH IIMPHATTH 3Mec, aHbI (DJIOTAIIMSIIBIK BIKMAa MEeHeH Ta3apThbUIraH, 0011
IIOpOoJIachbIHAH a’KbIpaThbUINaH Ta3da MUPHUTTH KYMUIY3YY Tajlanka bUIaHbIKTYVY.
PeaKIIMAHBIH bIKYaM KYPYIIYH KaMChI3 KbUIYY YUYH peaKIUsAra KaTblIIKaH
3aTTapAbIH TUMHINYY OeTHH KO0OMTYY MaKCcaTbIHAA TeMHUP KoJdeJJaHbIH Mal-
na besryk4esiepre TajdkananT. Tarkasadrasa 00JyKYOHYH eryemMy OUp mMMm/leH
60J1C0, aJI MEIITUH HYUHJIEI'H KaHOOYY KaTMap/a »KaKIIsl Kyior. « KaitHoo-
yy KaTMap» KoJI4eJlaH/IbIH 0T MallajlaHraH 00JYKY0JI0pY KaHa aHbIH KbIU-
KbUITEK MeHeH DalbIThUIraH aba apaslalliMachbIHbIH KbIMMbLIBI — KalfHAII 7KaT-
KaH CYIOKTYKTY aJlecTeT. MbIHAaN miaprra 6es1yk4desiop OMpH-OMpH MeHeH
»KaOBIIIBIII KaJITaHra YJIrypbon peaknmus Te3 »KypoT. AOaHbIH KypaMbIH/Ia
KBIUKbUITEKTHH KapMaJIbIll »KYPYLUIYH 60% KoropyjaTKaH/Ja bICBITYYTA KYM-

HIAJTYYYY KBLTYVJIVK CaKTajar.
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MeIllrreH ajbIHraH (QU3HKa-XUMHUSIIBIK MaajbIMaTTaPAbIH HETH3HMH/IC
ontTumaiavy temieparypa 800 Cre sxkeHH OesIrnIIyy. Jrepje MelTe *KYprox
XMUMUSIIBIK PCAKIMSA YIypPYH/Ia O0JIYHYII YbIKKAH XKbUIYYIIYKTY, CACTCMA/Iak
ypIrapblll KeTnece TeMliepaTypa 1400°Cre xoropyJjan kerer. OnruMaiayy
TeMIlepaTypaHbl KYHAYpYYdy MelITe KapMall Typyy Y4yH «KaltHoo4y KarMmap-
IBIH» MUWHJICTH HOJIYKUOI0OPAY ThIHBIMCBI3 apajallIThIPBIII TYPCa, aH1a MEIL-
THH 0ap/IbIK JKepHHJIe TeMIlepaTypa 6upeil cakTanbll KypoT. CucremMajla
AIIBIKYA KBLIVYIIVK OyY KazaHbIHa 6apyy4y TYTYKTOP apKbUIYY YbIl'apPbLIbLI
Typar. Aba Kyiryayy Tajlall KbUIIaH ©JIYOM/I0H alllbIK4ia yxubepwier. Melnre
KYHYY peakUMschl asgKTarajaH KMITMH CHIPTKbBI aTMoc(epara KoJjioMy 00i0H-
qa 14,5% xykypr (IV) oxcuau, ap KaHjgad o©JI496MAOrYy KYKYPT HaHjapbl,
vienbsik (I111) okenan As,O4, azpipaak casziarsl KYKYPT (VI) okcuau 2KaHa
KaTaJIA3aTOPAY VVJIAHTYYYY Dalllka apajammMaliap DOJIYHYII Typar.

AKBIPKBI Kbliljlapbl CYTKacCbIHA 2000 T TeMHUp KoJ4YeAaHBIH KYH-
ryayyay Merirep uuiTeruiaer. OnNTHMaIAYy MIapTTAPALL TOJIYK naujasia-
HBII, TEMHP KOJUeJaHbIH KYHTY3roHI0 KeH/le KapMaJlblll KYPIroH KYKYPT
98% kykypt (VI) okcuauH manja KpljarT. AJI 5MU TeMHp KoJa4deaHbIH/la
KapMaJblll KajllaH KYKYPTTYH KajraH 6oJIYrY OHYPYIIl KaJI/[bII'bl MEHCH
komro kaJjar (6.2-cyper).
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6.2-cypoT. KykypT KMCNOTacblHbiH OHOpXauaa anbiHbilb.
1 — kaWHaraH KaTMap/aa Kynryayyyy Meul; 2 — UMKNOH annaparsl,
3 — anNeKTp Yblnkackl; 4 — Kypratyy4yy MyHapa; 5 — Xbllyynyk anmauitbiprbit,
6 — KOHTaKT annapartbl;, / — CUHUPYYHY MyHapa.
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Kykypr (IV) okenaun Ta3anoo

Mew ras3slHAa KapMaJIblll KYpPreH KYKYpPT (1V) okcuan MeHeH 4oryy
apaJIalllblll KYProH apajalmMaJjap KaTaJlu3aTopAy Yy IaH/bIPbIIl, aHBIH
KaTAaJUTTHK TaaCHPHUH TOMOHAOTOT. ApaslaliMaja KapMaJblll KYProH
rasjgap MMKJIOH alllapaTTapblH/ia Ta3apThLIaT.

AJ1 6upu 6MpHHEe KMUTU3UJITeH 9K IIUJINH/IP/EH Typar. [asgap/asId
apaJlalIMachlH CBIPTKBI IUJIMHAPre »KOTOPTOH TOMOH Kapau Xuodeper.
[azgap cnupasb 60I0HYa TOMOH KbliaaT. ['a3apAbIH MojIeKyJIajlapblHbIH
KBIMMBLUIBIHBIH TAaCHUPH acThIHJIa YaHABIH 00JYKTOPY CHIPTKBI IIUJINH/AD-
IMH GeTHHEe BIPTBITBHLIBIN, YaHJABIH YOHYpaaK 60JIYKTOpY bLIABIM KyJIal
TYmoT. AJiap YOryJras/ad KMUHH ChIPTKA YbIMapbUIbII caJblHAT. IIuK-
JIOH annapaThlHAH YbIKKaH YaHAbIH 9H Maija 00JYKY6J0pY MeIl ra3bl-
HBIH KYpaMbIHJIa KaJbll KajaT. MBIHAaH KMHHH Melll ra3blHbIH apaJlall-
MachIH/Ia KapMaJblll KYProH YaHAbIH 3H Maijla 00JYKYOJIO0pPYHOH Ta3ap-
TYyY Y4YH apaJialllMaHbl 3JIeKTpP CY3TY4YHO »KubepeT. JIeKTp Cy3Tydy apa-
JlapblHA MYKe 3bIM TapThLINAaH MeTaJIJI TOPYOJIOpyHaH TypaT. Merasl
TOPYOJIOPYHA KOropKy ublHanyyaarsl (60000 B) TypakTyy 9JIEKTP TOr'Y
xubepuiter. Omrosr yuyypja TOPYOJOPAYH apajapblH/ia KaTKaH 3bIMJlap
Tepc, ajl 9MH TOPAYH 03Y OH 3apsjanart. 'aziap/ibIH apajaliMachl 3JIeKTp
CY3I'Y4JYHYH KaMepachIHa aCTBIHKBI »KarblHaH KHOepuIer.

KyuTyy sJIeKTp TajlaachbIHBIH TaaCHpPHM MeHEH 9H Mauja dYaHdajap
Tepc 3apAAAaJbII OH 3apAjara 33 00JINOH TOPYOro TapThLIbII, 63YHYH 3a-
PS/IBIH 7KOTOTYII, aTalbIH OyHEKepre 6apsin TynmeT. OMIeHTHII Mell ra3jia-
PHIHBIH apajialliMachl 3JIEKTP CY3rydYHOH OTKOHJ/IOH KMHUHH YaHJIap/aH
TaszajaHar.

OMH rasjiap/ibIH apajJallIMachbIH cyy OyyJslapblHaH Ta3apTyy YIYYH Kyp-
raTKbId MyHapara »kubepuier.

Kypraryy4yy MyHapaHbIH MYM KHCJIOTara 4ellaMJIyy KepaMuKa Me-
HeH Kanrajgrad. MyHapaHBIH TOMOHKY sKarblH/la KepaMHUKaJIbIK IIJIATA-
IaH ’KacaJiraH TOPYOJOPY MaMblyara 6exkurumired. Topdosiop KHCJIOTa
MEeHEeH rasjlapiblH THHHIIYY 6eTTepuH KOOOMUTYY Y4YH KepaMHKaJIbIK IIIa-
KeKdejep MeHeH ToJTypyJjras. Kypratyydyy MyHapaHbIH »KOTOPKY 7Karbl-
Ha 98% TYyy KYKYPT KHCJOTachl IaKeKdeJepAHn apajall arblll KeJleT, aj
MM Melll ra3bIHbIH apajalliMachl TOMOH »KaKTaH KOropy Kapau Kubepu-
seT. Bya yuypja KapaMa-KaplIbl arkIM NpHHIUOHK cakTasar. KoHIeHT-
palsJaHrad KYKYpPT KHACJIOTAchl Melll Fa3blHBIH apaJjalllMachlH/a KapMa-
JIBIII KYPIr'OH cYyHY cuHupHI anaT. CyyHYy CHHUPHIIHAI aJir'aH KYKYPT KHC-
JIOTAachlHBIH KOHIIeHTpanusacel 97,2% ke yeilmH ToMmouA0iT. KHCI0TaHBIH
KOHIICHTPAIIMSACHIH KOropyJjaTyy Y4YH KOHIIEHTPAIUACHI JKOIropy KHCJIO-
TaJlaH KOIIYII, Kalipa CHHUPYYYY MyHapara KauTapsblll }KuOepHrJIerT.

Me rassl KapMaJsIblll 3KYProH apajalnMajiaH TadapThlUIraHIaH KUM-
MH KBIYKBUJITEK MeHeH OanbITeLIral adba »xaga KYKYpT (I1V) okcuau KoH-
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rakT anmnapaTtbiHa xkubepuier. Kykypt (IV) okcHAMH OKHCTEHAMPYY Me-
HeH KYKYPT (VI) okcuarHe aljIaH/IbIpYY KaTaJIUTTHK KalTajJaHMa peak-
HASHBIH HaThIMKAaChIH/a UIIKe aulbipbliIaT. OIIOHAYKTAH KaTaan3aTop-
Ay 2KaHa OIITUMAJIIVy TeMIlepaTypaHbl Tyypa TaH/all, KYKYPT (VI) oxkcu-
JMH OHAYPYH aJYYHYH OHAYPYM/YYJIYTYH JKOropyJjaaryyra D0JIOT.

Kykypt (IV) okcuaus aablH (VI) okcHAMHE OKUCTEHAUPYY PEAKIINHA-
CBIHBIH BLIAAMABIIbIHA muaTuHa, Temup (IIT) okcuam xxansa BaHagui (V)
OKCHIM Taacup arer. IliaTuaa KeIMOAT MeTaslI, ajl 9MH TeMUP (III) oxcnl-
JMHe CAThIIITHIPrag/1a OHAYPYLITYK maprTa BaHagui (V) OKCHAMHIH (V,0;)
KaTaJIATTHK apakeTH »koropy. OIIoHAYKTaH KOHTAKT allllapaThIH/A KaTa-
nuzaTop KaTapbl BaHaauil (V) okcuu KoyioHyIaT. KOHTaKT anapaThiH-
Ja KaTaJM3aTOPAYH KaThIIIYyCcy MEHeH OKHCTEeHYY PeaKIUsACHL JKYPOT:

" 2805 +0, 2 2803 +Q

Bamamuit (V) okcuau V,0; anmaparrarbl TeK4YeJepre KaTmapJall
skalramreipbliaT. KaTajauaaTopilyH TaaCHpPHA MeHeH OKHCTEHYY IpOIecCH
KbIilJIa TOMOHKY TeMIlepaTypaja KYPYIl, peaKIIuAHBIH TeHACIITUI'H COJI-
JOH OHIo KbLIBIT, KYKYPT (VI) oKCHAMHME OHAYPYJIYIIYH OHMp KbIXJIA
»Koropy.Jiarar.

Kykypr kucioraceid KYKYPT (VI) okcnans ruipaTaiiuijioo MeHeH
asayy. KoHTakT annapaThlHaH YBIKKaH OeJIrMjyYy TeMIepaTypara YyeHHnH
My3/aThUITaH peaKINAHBIH OIPOAVKTYCY KYKYPT (VI) okcuau CHHUDPYYYY
MyHapara >xuoepuJier.

CuHupyydy MmyHapazaa KyYkypT (VI) okcuam cyyHY CHHAPHI 98% Tyy
KYKYPT KHCJIOTachblHA YeinH opuiT. KyKYpT (VI) okcuam cyyHYH O€THH-
fery Maiila TaMybLIapra KolyJayl, cyyra cuHoerd Typras KYKYPT KHCJIO-
TachIHBIH Malijla TaMUbLIapbIH — TYMaH/BI aifjla KblIaT. ¥ UIyJl cedenTer
CHHUPYYYY MyHapaza 98% Tyy KYKYPT KHCJIOTAChI aJbIHAT, aHBIH YCTYHKY
GeTuHe cyy OyyJapbl 60j00iT. PeaknuAHBIH TeHAEeMeCH TOMOHKYIAOU
TYIOHTYJIAT:

SO5 + HoO - HySO4 +Q

CHHUPYYYY MYHapaJiaH YbIKKAH KYKYPT KUCJIOTAChl KOHIEHTPAIXA-
JlaHraH 00JIOT Ja, «oJieyM» Jiell araJjar.

KYKYPT KMCJIOTAChIH KOHTAKT BIKMAachl MeHeH OHAYPYYAOrY HeTH3I'd
mpolleccTep Y3UYJTYKCY3, 6ap/bIK anlapaTTap/AblH MIITOOCY MEXaHU3a-
MUSUIANTHIPBLIITAH KaHa aBTOMATTAIIThIpbUIraH. HernsuHen XUMUAAJIBIK
OKHCTEeHYY ’KaHa CHHUDYY, IPUTYY IPOIleCCTEePU KYHTY3YYdy MellTe, KOH-
TAKT anmapaThbIHAA KaHa CHHUPYYYY MyHapaza xKypeT. Ilukijox annapa-
TBI, 3JIEKTP CY3I'YdYy MeIll ra3blH KaJIraH YaH/Aap/laH TazapTaT, Kypraryyiy
MyHapa Melll YaHbIH/Ia KapMaJIbIIl )KYProH cyy OyyCyHaH KypraTbLiar.

KyKYpPT KHCJIOTAaChIH OHAYPYYAO DallKa 6HAYPYIIITOP MEHEH OMPAUKTYY
MINTOO MPUHIUON, XUMUSIIBIK peaKIAsIapAbIH KYPYIILY YIYH ONTAMAIAYY
mapTTapAbl TY3YY (TeMiepaTypa, KaTalu3aTopAy Tyypa TaHA00, peaKIusi-
ra KaThIIIKAH 3aTTapAbl TAa3ajJ00 ;KaHa THHHUIIYY OeTHH KeDOHuTYY 7#.0.)
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reTeporeHlyy KaTajJu3 TeOpHschl, peaKIIMAHBIH KbLIYYJIYI'YH HaTbIMKa-
JIVY afjajIaiyy, KapaMa-Kaplibl arbIM IPUHIIMOM, OHAYPYIITYK IIpOIlecC-
Tep/JH VIOIITYPYY »KaHa aHbl 0allIKapyyHY MeXaHHU3aluAJalIThIPYy KaHa
aBTOMATTALITHEIPYY MEHeH TaaHbllacklHap. bus caran oTKoH OyJI IpUH-
IMANTEep XUMHASJIBIK OHAYPYIITYH MJIMMHUN HETU3HUH TY30T.

MeIEZaH THINIKaphl, KYKYPT KACJIOTAChIH KOHTAKT BIKMAacChl apKBLIYY
OHJIYPYY MEHEeH TaaHbIIIyy/la aH/la UIIITereH KbI3MaTKepJjep: HHKeHep-TeX-
HOJIOT/IOP, alllapaTrdybliap, JabopaHT-aHAJIUTHKTED K. 0. KBAJIH(PHKaIIUA-
siap 6oroHYa MaaJssIMar ajjibiHap. KyKypT KMc0oTachlH ©HAYPYYYY 3aBOJJIOP-
JI0 HIITereH DapAbIK KbI3MaTKepJIepJAHH d9MI'eI'd KOpProJioT »KaHa ajiap 3MIeK
KOOIICY3/IVK TeXHHUKAChIHBIH dperKejiepl MeHeH TaaHbIII O0JIyII, 63 UIII OPYH-
HapblHJIa ajlap/bl Tak cakTamar. KyKypT KHcJIoTacklH OHAYPYYYY 3aBOJIOP-
0 HINTereH »KeTeK4ywjep »KaHa Oalllka KbI3MaTKepJiep allylaHA-4OMpPOHY
KOprooro KeHyJ 0ypyi, agja naiiaJJaiblIlaH annapaTrTap/bl KbLUIYBIKChI3
KapMOOI'o »KaHa OHAYPYI TalllITaH/IbLIaAPHIH Ta3apTKBIUTAD APKBLUIVY OTKO3YII,
3bITHCBI3IAH/ALIPYY MIJIIETTEPHH TaK aTKapyyJiapbl TUXHIIL.

§ 2. AMMHAKTBI KaHa a30T KUCJIOTACBIH OHIYPYY

Bu3 azorTy KaMThIraH aba JeHu3-0KeaHbIHBIH TYOYH/O KalllanbdbI3.
Kesemy 6oi0oH4Ya a3oT abaHbIH 78% HUH Ty3eT. sep KbIPTHILIbLIHAA Macca-
cel 6oroHYa 0,02% a3oT kapMaJjbll TypaT. A30T »KallIOOHYH 0yJjarsl 60JI-
roH OeJIOK 3aThIHBIH KypaMJbIK O0eiyry. OcymaykTep O0e/JIOKTY CHHTE3-
J166]16 TaMbIpJiapbl apKbLIYY TONYVPAaKTaH aMMOHHMUMAH KaHa HUTPAT HOH-
JIOPYH — a30TTY TApPTHIII aJbIlIar.

Kenuynyk ecymaykTep (4aHAKTYY 6CYMAYKTOPAOH OalllKachl) 9pKUH
a30TTy CHHHUpHI ayia aaplmnanT. Omos abaHblH KypaMbIHArbl 9pKHUH
a30TTYH MOJIeKyJlachblH OaMJIaHBIIIKAH a30TKO OTKO3YYHYH YCTYHHO
KOIITOIOH OKYMVIITYYyJIap KII apaKeTTepAH »kacalnyyja. ¥ IIyJ CYPOOHY
YyedyYYHYH OMp BIKMachl a30TTY CYYTEK MeHeH 0aMJIaHBIIITHIPBII, aMMHAaK-
Thl CHHTE3/106 OoJsiyn canajsaTt. OHAYpPYIIITO aMMHAKThI CUHTE3/100 IKH
HEeru3ry IpolecCTUH Heru3uH/e KYporT:

1. Bearniyy Temneparypara 4eMMH a30T MEeHEH CYYTeKTHUH apaJalll-
MAacChIH BICBITBIII, TYPYKTYY 0achIM acThIH/Ia KbICYY MEHEH CHUHTE3/100 KO-
JIOHHaACbIHA KHU0epyy.

2. CHHTe3/106 KOJIOHHAChIHAH YBIKKAH ra3fap/blH apa’jalliMacblH
MV3/aThIll, aMMHAAKTHI KOHJIeHcalluslall, CYIOKTYKKa alJIaHABIPYY.

Peaknusira KaThbllInay KaJjJraH a3oT MEHeH CYYTEeKTHH apaJalliMa-
CBIH CBIPTTaH KeJI'eH razjap MeHeH 4YOor'yy CHHTe3/1004Y KOoJIOHHara Kau-
pajlaH KauTaphlll KUOepyydy TeXHOJIOTHUSJIBIK IIPOIlecC MUPKYIAIAAIBIK
npHHOUNTe 60JIVINY Kepek.

bua bankaragai aMMHaKThl CUHTe3/1064Y CHIPLEHYH OMPHA CYYHY
aXXpIpaTyyaaH, ajJ 9MH a30T abaHbl CYIOKTYKKa alJIaHAbBIPpYYAaH 00JIYHYI
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anpiHatr. OIICHTHII a30T MeHeH CYYTeKTeH aMMHUAKThl CHHTE3/100 TOMOHKY
peaknus 0o0HYA UIIIKe allaT:

NZ*SHE 2 2NH +Q

CuJjiep peakIMsHBIH TeH/[eMECHHeH aHbIH KaUTalIaHMa 9K eH /U MH oa-
kafpiHap. OMIOHAYKTAH XMMHUAIBIK PEAKIIMAHBIH bUIAAM/BIIEl AHBIH TIPO-
AYKTYCYHYH KODOIYY KarblHa K bLIbIIIBI 3aPBLI. By peaknus 9K30TepMH-
KaJIBIK 0OJIYII, Ira3/lap/blH KOJI0MY KHUUPEeHYY MeHeH KYPIrOHAYKTOH, 3O~
ropky 6aceIMjia, TOMOHKY TeMIlepaTypaja >XYPry3Yyre >KeTHIIYY KEpEK.
OHop KalJIBIK IapTTa TeMIlepaTypPaHbIH TOMOH/IOITY 400°C peakIIUAHBIH
BUIIAMIBITBIHBIH a3aiibIIIbIHA AJIBII KeJIeT. AJl 9MHU TeMIlepaTypaHbl KOoro-
pyJIaTCak aMMMAaK OalllTallKbl 3aTTapra aplpall, MIPOAYKTYHYH 9bITBIIIbI
TOMOHIOMT. ByJ yayp/ia XUMUAJIBIK OHAYPYII YIYH JKaJjIlbl IPAHIHAITEP-
IWH GUpH ONTHMAJIYy TeMIepaTypa, 0achIM jKaHa KaTaJIu3aTop TYypa
TaHAAJIBIIIBI 3apblil. AMMHAKTEI CHHTE3/100/10 aKTHBAYYJIYTY KOIOpY 00.1-
roH KaTaJu3aTopAy Tadyy »KeHHuJ HIITepJeH d3MecC. 450-500"Cae KaTaau-
3aTOPAVH KATAJIUTTHK TaacHpH KOropyJlaur, OUPOK OHAYPYII Y4YH Oy
TeMIIepaTypa KOropKy el acenTearHeT. OIMOHAYKTAH CUHTE3/100 KOJIOH-
HaJIapbIH KYPYY KbIMOaTKa TypraublHa KapabacTaH DachIM/IBI KOropyJia-
TYY MeHEH aMMHAKTHIH YbITBIIIbLl KOOOUTYIOT. XUMHASIBIK peakIAAHBIH
BLIIAM/IBITBIHA TeMIIepaTypa skaHa 6achIM/IbIH THHIM3TeH TaaCUpHH 6.1-
TabaunajgaH 6aliKkau ajacblHap.

6.1-mabauya

TewremTHE adaJyla aMMHUAKTBIH CHHTE3/[eJIMIIIH

baceim (°C) TeMrieparypaja aMMHAKTbIH YbITbILBI,
(MIla) % MEHEH
400 450 500 550
10 2512 16,43 10,61 6,82
30 47,00 35,83 26,44 19,13
100 79,82 69,69 57,47 41,16

AMMUAKTHI CHHTE3/100/10 KOJIJOHYJIVII JKaTKaH KaTajJu3aTop ap KaH-
aail MeTajIJIapAblH OKCH/lepH KOIyJIraH TeMHUDP IIOpoIIory. CuHTe3 aTa-
el ommukTUr 20 Mre ’KeTKeH KOJIOHH&Ja KOrOpKY TeMIeparypaia
»xypryayer (6.3-cyper).

CHHTe3/1004Y KOJIOHHA/Ia TeMIIepaTypa, #OropKy 0achIM KOJIALOHYJI-
raHALIKTAH, MAaTepHUasbl Y3aK CAaKT0O YIYH, KaTajIM3aTOpPI0pP TOJATYPYJI-
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rag MIJIHHAP KVTYCY MEHEH KOJOHHAHBIH TYJKYCYHVH OPTOCYHA OOIITYK
KaJIThIpbimaT. ChIPTTaH KeJIreH a30T-CYyyTeK apajialiMacsl Yy OOIITYK
HoIO0HYA KeJIHNII, KOJOHHAHBIH Ay0aIlapblH OTO BICHIII KeTYY/IOH CAKTaMT.

A30T MCHEH CYYTEKTHH apaJjialliMachl 3K30TePMHUKAaJbIK pCaKI[UA
OOJITOHAYVKTAH KBUIVYIVK aJIMAalIThIPreIYTap Nanjgatanbriar. CHHTE3/1009Y
KOJIOHHAJIaH YbIKKAaH rasjap/AblH apaJjaniMachl, KbUIYYJIYK ajIMalITbIp-
IbIYTA CHIPTTAH KeJIreH aba Oesiruiyy TeMilepaTypara YeHHH bICBITHLIAT.
KoHTaKT annapaThlHAATEl KBLIYVYJIAYK aJIMalITEIPYyy4y OIPHHIUI, aMMHU-
aKTHI CHHTE3/10010 Aarbl KOJIZOHYJIaaphlH OalikaasiHap. JlabopaTopusiaa
aMMHMAaKThI aJIVVHY 9CHHepre TYIIYPIYJIo.

1
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6.3-cypoT. AMMUMaKTLIH OHepXanaa anblHbllWbl:
1 — Typbokomnpeccop; 2 — CUHTE3/1004Y KONMOHHA,
3 — My3aaTtkbiyTap; 4 — cenaparop.

AMMHAK OHAYPYLIYH/JO ap TYPAYY KeCHUIITerH KbI3MaTKepJiep »KaHa
YKOTOPKY KBAJIH(PUKAIIUAJIVY ollepaTopJiop, KoMIIpeccopyyJiap, anmapar-
ypljlap, KaTaJu3aTopyy KaHa 3aBOAIVK XUMHUSA j1abopaTOPUSCHIHBIH Jla-
OopaHTHI HIITEeUT. MBIH/IaH THIIIKAPbl, avMMHaK 3aBOJAYH/AAarsl TEXHOJIO-
I'USJIBIK QYHKIIMSHBI aBTOMATTHIK anmaparrap arkapar. OmnepaTop olIo.JI
aBTOMATTBLIK KYpaJJap/AblH sKap/JlaMbl MEHCH Heru3ru ChIpbeHYyH capliTa-
JIBIIIBIH, TeMIIepaTypaHsbl, 6ackIM/Ibl, ra3/lap/bIH arbIM/IapbIH KOHTO ca-
JIpII TypaT. KoMIIipeccopuy a3oT-cyyTeK apajlalliIMachblHbIH OIITUMAJIJIYY
OachbIMBIH KOMIIPECCOPAYH 2kap/laMbl MEHEeH KaMChI3 KbLjaT K. 0.
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A30T KMCJIOTACBIH OHIYPYY

ABOTTYK 7Kep CeMUPTKHYTEP/Id OHIYPYY/0 a30T KHCJIOTAChIHbIH 80% ke
YKaKBIHBI dKyMIIajgar. KYKYpT KHMCJIOTAaChbIH ap KaH/al bIKMaJiap MeHeH
OHIYDPYY/IO Jarbl a30T KHMCJIOTAChl KepeKTejeT. A30T KHCJI0TaChlHAH au-
PBIM OPraHMKAJILIK HUTPOOMPHUKMeJIep ajlbIHbIII, ajlap/aH 00€K, NapbLIbIK
yKaHa yKapbUIThIY 3aTTap Aasgpianar. MuHepaIAbIK KUCJI0TaJlap/AbIH HHH-
HeH KOJIJIOHYJIyIly O0loHYA YIYHYY OPYHAY 33J1eT. A30T KHCJIOTACHI aK-
THB/YY peareHT KaTapbIH/a Oesruiyy. AJl aJThIH, IUIATHHA, TAHTAJ, PO-
Ui KaHA UpUANKIeH Oamka 0ap/AbIK MeTalJlap MEHEH apaKeTTeHHUIIeT.
ViryHEaail ap TapMakTyy KOJIZOHYJIraH a30T KMCJIOTAChIH OH/YPYIITO KOII
OJTIOMIO OHAYPYI ajlyy Tajaabbl Kesun ypiraT. OHAYPYIITO a30T KUCJIOTA-
ChIH OHAYPYY/AOTY ChIPHEJIOPro aMMHUaK JKaHa aba KUper. AMMHAKTaH a3oT
KHMCJI0TAChIH OHAYPYY YU cTaAuAra 00JYHOT:

1. KaTaiu3aTop/AyH KaTbIIyyCcy MEeHEeH aMMHUAaKThI a30TTYH (II) oxcu-

THe YelinH oOKucTeHaupYy, 6.a. 4NH3 + 50, t C kat

>4 NO + 6H20 5

2. Azort (I]) oKCHAMH KBIYKBIITEKTHH KaThIUIYYCYH/IA aHBIH (I'V)

OKCHANHEe YeliHH OKHCTeHAupYY, 6. a. ZNO + Oy ——> 2NOg ;

3. [Taiina 6oaron asor (IV) okCHAMH cyyra CHHUDYY, 0. a.

2N02 -+ 1120 > HN03 n - HN02

ChIpTTaH KeJjileH aMMHaK MeHeH aba (0eJruiyy KOJOMAYK KaTbIII-
Ta-CYpPOTTO KOPCOTYJITOH) apasalllIThIpIbIYKa KUOepHUJINI, aH/aH KUUHAH
razjap/blH apajalMachl KOHTAKT allllapaTblHA oepuyier. Ada KbIYKBbLII-
TEeK MeHeH 0albITBLILIII, a30TTVH IIPOLEHTTHK KypaMbl TOMOH/AOTYJITOH
abasiga Kypres 00JIOT.

KoHTaKT annapaTblH/Ia »KYProH peakHus 3K30TepMHKAJIbIK, I'eTe-
POTeH/YY, KaTAJIATTAK KaTajiu3 OOJITOHAYKTAH peaKIusa XKYPYIIY Y4YH
ONTUMAJIAYY IIapTTap/Abl Ty3yy Tasabsl Typar. OmosopAyH OMpH KaTa-
JIM3aTOPAY Tyypa Tagjgan aayy. KenTereH KaTajid3aTopJOPAYH HHHHEH
amMvuakTs! azoT (II) okcuHe Y4eMH OKHCTeHAUDPYY YHIYH IJIaTHHA-POAUN
KaTaJu3aTopy HaijajdaHbLIAT. AJjap TOPYO TYPYHA® AadApAaJbll KOH-
TAKT ammapaTblHAa TOPH30HTaIb abajjarbl OMp Hede KaTMapAbl naujaa
KBUIBIN skaiiramar. [ iiaTuHa-poJARK KaTajln3aTopy XUMHUAJIBIK peaKIiiid-
HBIH bLIJIaM/IBITBIH »koropyiaaraTr. Karaiu3aTop 63YHYH KATAJIHTTHK Ka-
CHeTHH V3aK yOaKKa YeHHH cCaKTall KaJjar. [LraTnHaA-pOAMM KaTaJHA3aTo-
PVHVH KaThIIIYYCYHJa aMMHAKTBI a30T (II) okcuAuHEe YeUH OKHCTEeH-
AAPYY YYYH ONTHMAJIAVY TeMIepaTypa 800°C sKeHHMH IJKCIEepHUMEeHT
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KOpcoTTy. ATMoc(epayblk OachkiM/la aMMHAKTBIH OKMCTEHYYCY #KOTODY
6os0T. A oM 6aceim 0,3—1 MIIa 60jroH/10, OKUCTEHYYCY TOMOH/IOMT,
vbiEAa azor (II) oxkcmaAMHEMH YBITBIIBI 96% Ke yeilmH ToMOH 00JOT.
Jlemek, 6achIMABIH JKOropyJjallbl MeHeH aMMHAKTBIH OKHCTEHYYCY
TOMOHIONT JiereH »KbIMBIHTBIKKA aJIBIII KeJjleT. AMMHaK-aba apajamma-
CBIHAa aMMHAaKTBIH o,19eMY 15% TeH ToMoH Oojiyyra THHHII, aHJaH KO-
ropyJjan Kerce, ragiapAblH apajaliMachl KapblIbIl KeTYY KOPKYHYYYH
Tyyaypar. KoHTakT annapaTblHaH YbIKKaH rag/lap/iblH apajaliMachl OKHC-
TeHAUPrud MyHapara »xuoepuJier.

OxkucTeHaAupruy myHapazaa asor (II) okcnan anpid (IV) okcuange ye-
IMH OKHCTeHHMINHN KaAUMKH TeMIleparypaja »KypeT. by oKu ra3 THHHIII-
KeH JKepjie 3J1e peakIlusi TOMOHKY TeHJaeMe/le KOPCOTYJINOH/I0H KYPOT:

2NO + 02 — 2N02

OKHCTeHAUPIrHY MyHapajlaH YbIKKaH rasdjap/blH apajaliMachl CH-
HHpYYUYY MyHapara xubepuser. CHHUPYY4YY MyHapaHbIH HYH (hapdop/IoH
’KacajIraH MIaKeK4yesjep MeHeH ToJATypyJarad. MyHapaHBIH KOropy ZKarbl-
HaH CYVy, TOMOH ’KarbIlHaH raa »xudepuser. MbIH/Ia KapaMa-Kapllbl arbIM
maiiza 60JIVII IIaKeKuyeJepAn apajall eTYY/le cyy MeHeH ra3/IbIH THHHIILYY
MYMKYHUYYJIYKTOPY K0ropy 00JI0T.

CuHupyyuy MmyHapaza a3or (IV) okcuau cyy MeHeH peaKluAra KaThbl-
[IIBIII, 3KHA KHUCJIOTAHBI; a30T 2KaHa a30TTYyy KHCJIOoTaJlapAbl I1anjia KbLiar.

2N02 el H20 = HN03 -r HN02
A3OTTYY KHCJIOTA KBIYKBLI YOMPOJ6 TYPYKCY3, aKbIpall KeTer.
3HNO, —» HNOj + 2NO + H,0

A30TTYY KHCJIOTa askpIparanja namaa 6osron asor (II) okenau ras-
Nap/blH apajalIMachIH/a alIbIKYa 60JroH KBIYKBIJITEK MeHEH OMpPUTHUII,
azoT (IV) okcHAMH IMaija KbUIaT. KX TeHJeMeHU OMPUKTHPHUII, TOMOH-
KY/IoH »Ka3cak 00JIOT.

3N02 o= H20 — 2HNO3 + NO

HKoropy xakra allTKaHAaW OalmITanKbl ra3jlap/ibIH apajJalrMachlH/la
aIIBIKYa KapMaJIblll KYProH KBIYKBLITEeK MeHeH a3or (II) okcnau Kaipa-
AaH KownyJiyil garsl asdoT (IV) okcuany nmanjga Kpljaar:

2NO +0y5 — 2NOy
AKBIPKBI 9KH TeHJleMeHU OUPUKTHPHUII, TOMOHKY TeHJleMeH! ajla0bI3:

4NO, + 0, + 2H,0 — 4HNO,

Kanuvku 6acsIMZa a30T KHCJIOTACHIH OHAYPIOH/I0 KOHIICHTPAIIUACHI
aHua sxoropy amec 50-60% 1yy KHMcioTa ajbIHAT. AUPBIM 3aBOJJIOPJO
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gaceiMabl 5 MIlara deitnn xoropy.arsill 98% KoHIeHTpanusAra 33 00J-
POH a30T KHCJOTACHIH OHAYPYIIIOT.

YK BIMBIHTHIKTA aUTKAH/Aa ONTUMAJIAYY UIapTTapAbl: a30TTYH pe-
aKIIMA YYypYHAA maijga 601yy MYMKYHUYYJIYTYH TOMOHJOTYY, a30T (I1)
OKCHAMHMH OHAYPYIITO aJbIHBIIIBIH KOI0pyjIaTyy, KaTaJau3aToOpAYH Ka-
TaJUTTHK KACHETTePHUH »KaKIIBIPTYY, onTuMainayy remunepatypa 800 C
KapMaJIblll, apajalMajia aMMHaKKa CaJblIIThIPral/la KbIYKBUITEKTHH
AlIbIKYA as1bIHBIIIBI, KOHTAKT alllapaTblHa KeJIYYJY ras3jlap/JblH apaJjianil-
MacChIH YbIIIKAJaH OTKO3YY (KaTajaua3aTop yyjlaHbac YI4YH), 6achIM/BI KO-
ropyJIaTioo . 6. y. ¢. TY3YY MeHeH OH/IYPYIITYH OHAYPYM/YYJIYTYH KO-
ropyJjaThill, HIITEINI YbIKKaH NPOAYKIIHAHBIH 03YHO TYPraH HapKbIH
TOMOH/OTYYI'® 60JIOT.

§ 3. Horon oHIYPYY

JIyifHOJIYK XUMHUS OHOP’KAaNUbIHbIH HeTH3TH MUJIIETTEPUHUH OMpH —
XUMHUSA WIAMUAHUH KeTHIIKeHIUKTEePUH, XUMHUSAJIBIK OHAYPYIITY 3JI Yap-
6achIHBIH Hap/AbIK TapMaKTapblHA KOJJOHYyra 6arelTToo 00JIyI caHaslar.
Merasuriapabl KaHa ajJap/blH Ky¥UMalapblH OHAYPYYHY Te31eTHJIIeH TeMII
MeHeH OHYKTYPYII, OHOp>KalIblH TajJlallITapblH KaHaaTTAHABIPYY KepeK.
AHTKEHH 00D OHOP’KalbIHBIH OHYIYIIIY TEMUD KaHA aHBIH KYHMaJlapbl-
HBIH: YOIOH, OOJIOTTVH OHAYPYJ1YLIYHO DaMIaHBIIIKaH.

XUMHAIBIK KaKTaH Ta3a TeMUp — KYMYIIITOH »KaJIThIpaK, HHHIYIIK
MeTasljI, »KeHWJI MarHuTTeser, p = 1870 kz/m°, apyy TeMIepaTypachl
1539°C, kaitHoo TeMmmepaTypacsl 2740 C. JKpu1yyJIyK kaHa 2IeKTP TO-
I'VH JKaKNIIbl OTKO30T, KeHUJI uuTeTniaer. Ote taza reMup abajzia OKCHJ
KaTMapbl MEHEH KallTaJblll TYPYKTYY 600T. drepjie TeMUp/ie DalIka 3ar-
TapAblH apasjallMachkl KapMajiran 6ojico, aHbI Te3 AaT dacar.

0 0 +3 -2
4 Fe+ 6H,0 + Oy —> 4Fe(OH);

TeMup KapaThLIBIITAa KEHUPH TapKajraH 3jJeMeHT. AJI KbIYKbLI-
TeK, KpeMHHU, aJJIOMUHUA/IeH KANHMHKH »Kep KbIPTHIIBIHAA (Maccachl 0o-
joHYa) 5% KapMaJIraH >KaHa TOPTYHUY ODYHY 33JI€HUT.

TeMupAMH KapaThUIBIITArbl OMpUKMeepH KeHJiep TYPYH/O Ke3/lelIeT:

Fe,0, — marauTTYy Temup, Fe,0; — remaTuT (KBI3bLI TEMHP),

Fe,0, - nH,0 — siumouuT (kypoH Temup), FeCO; — cunepur (TeMup
mnartel), FeS, — nupur (TeMup KoJsIdejlaHbl) 72KaHa MBIIIBAK KYKYPT Me-
HeH apajallikaH KeHjiep TYPYH/A© 00JIOT.

Temup xaHa aHBIH KyAMaJiapsl 371 4apbachIHbIH 0apAbIK TapMaK-
TapblH/la KeHUPH KOJJIoHYyJIaT. OHeprkal/la TeMUPAXH 03YHO Kaparanja
aHBIH KyiMasiapbl KeHUPH ITailanaHblIaT. AMPBIKYa OHAYPYIITO JEerup-
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JIeHTeH D0JIOTTY KOJAOHYY TapMarsl KeHeH. Kojlonyy TapMarbria 7a-
pama 60J0TTY Y4 TOOKO 0Oyl KYPYIIOT:

1) KoHcTpyKIHsJIBIK. Baror »kacoojio, AeHU3Je Cy3yydy Keme,
KOIYpPO KypyyAa, KYPYJIYII HIIKH/E KOJAOHYIYY4Y KOHCTPYKIHUAIAD-
. IBbI »Kacoo4y.

? 2) UECcTpyMeHTaAbIK. Ap KaH/lal TapMaKTap/a KOJAOHYJIYYHdy ac-

mamnTap »kKacoovy.
3) BoJsioT e3roue KacueTke 33, AaT pacnaiT, KHCJI0TA »XaHa bICBIKKA

YbIIaMAVY.

BUpHKMeJepUHHE HYMHEeH aiipbIM TY3/1apbl, MUCAJIbI, KETH MOJICKY-
na cyyay KamThiras temup (II) cyasdars! (FeSO, - TH,0) TeMup KYIIOPO-
| cy JlereH aT MeHeH aifbuI-uapba 3bIsHKeYTepHHe Kapllbl KYPOIIYY/0, Chli
' ’KaHa MUHepaJAbIK 00eKTOpPAY OHYPYYAO KOJIJAOHYJIAT.

Temup (III) cyabdparsl Fey(SO,); CYyHY Tasajaoolo HOKTYPIryd
(koaryasarop), Temup (III) xyopuam aaThl MOJIEKyJIa CYYHY KapMall

| sxypce (FeCl;- 6H,0) KommuyJIyK XUMHA OHOPIKaHbIHBIH TEXHOJOI -
| JIBIK IIPOIIeCCTEepHH/Ie KAaTaJIM3aTOPAYH POJIYVH aTKaphlIlluar. K, [Fe(CN)g] —
| capsl KaH Ty3y xkaHa K3[Fe(CN)g] — KBI3BLI KaH Ty3/lapbl TEMHUP HOH-
nopvH (Fe’, Fe?" ) TaaHbII-0MJIYY10 PEAKTHB KaTaphl mamjaJagbpLIar.

Horopky aiTeuIraHAap/blH HerM3uH/e TeMHUDP, aHbIH KyHMaJapbl
yKaHa OMPUKMeJiepH 2J1 4apOachIHbIH OHYTYIIYH/I0 OeJIrii1yy OpyHAY paJIeH
Typragbld 6uauHep. TeMup aHbIH 2KapaThLIbIIITA TaApKaJIraH OMpHUKMe-

JIepHHEH MeTaJJIyPrUsjblK bIKMa MeHeH 00JYHYII ajlbIHaT.

® /Hapamovtaviw 6upukmenepueH memanndapdot AAYyYyHYH OHOPAHCAU-
ALK bUKMAAAPLL HCOHYHO02Y UAUMOU MeTaJUTypIrus Jiell aTan0bIs. Mertaii-
JYPrUs 9KM YOH TonkKo OesyHoT (6.2-cxema).

6.2-cxeMa

Merajanyprus
- l v
Kapa merannyprus TycTyy MeTajliyprus
YowHay KaHa aHbIH Kasiran 6apibIK MeTaj1/lapibl
KyiMajapblH OHAYPYY JKaHa ajJapAblH KyHMaJlapblH
OHAYPYY

—

127




YoroHn oH1YPYY

YoroH1y A0MHA MeIlITepHH/Ie TeMHUpP KeHWHeH oHAYpYH ajbmar. JloMHa
MellIf KOHYC (hopMachIH/a »Kacajblll, ouiukTurn 60 x, rnamerpu 10 mre
yKeTeT. AHBIH NYKH KeperecuHe OTKO YbLJIaMAYY KbIII TH3UJIHNII, CBIPTBIHAH
60JIOT KaHBLITHIPHI MeHeH Kanrtajar (6.4-cyper).
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6.4-cypoT. [JoMHa MEeLUMHUH Ty3ynyLuy:
1 — KONOWHUK;, 2 — WwuxTa; 3 — pacnap; 4 — Keopyk; 5 — ropH; 6 — pereHepatop.

JloMHA MEIIMHUH KO0ropKy 66JIYTY — KOJIOIIHUK, OPTOHKY DOJIyry —
IMXTa, 6UP Kbliiyla KeHeHTHJIreH 66ayry — pacuap, 9H TOMOHKY 0OJIyry —
KOOpYK (ropH) 6os0T. KOOpYKTYH aKHM ’KarblHJa TeHIMKTep Oap. AJjap
apKBLIVY YOIOH ’XaHa IIIJIaK YbIrapbLIbII TypaT. KeepyKk o4oryHYyH K0ro-
PV JKarblHja MellIKe abaHbl YMIOTYYYY TeIIUTIH Ja 0ap.

JloMHA MEIIMHNH YCTYHKY Karsl OUpUHUH YCTYHO OMpH KaUTallIThI-
pBUITAH aBTOMATTBIK »KYKTOOUY 9KHU CY3IYYTOH Typar. KeH, KOKC KaHa
duroc (CaCO, »xe Si0,) yCTYHKY YaHAKTaH CaJbIHBII, aHAAH KUMUH OKHH-
yM yaHAKKa TYIypYyjgeT. bIaabIiKbl 4aHaKTaH KeH, KOKC KaHa ()JIcTap
KaTMap-KaTMap 00J1yIl, MellKe TymIoT. JHoropKy KaHa bLIABIMKBI KOHYC-
TapAblH Ke3eKTeIIHII HPeTTYY HINTeIIMHMH HaThIM/KachlH/AA, KEH Me-
HeH JKYKTOO y0OarbIHJa Mell »Ka0bIK 00JIyII, a3 pereHepaTopro depuer.
PereEepaTop/VH WYHMH/Ie I'a3 KYUYII >JKOTOPKY TeMIlepaTypara YeHHuH bIChI-
TYY MeHEeH /IOMHA rasbl KaHa aHbl KYUTIY3Yyre 3apsli 60JIroH aba banrka
pereHeparopro oepujer. Yy yuyypjaa OMpHHYH pereHepaTtop apKblIyy
vy3zak aba sxumbepuiieT, aj pereHepaTOpAoH Oejrmjyy TeMieparypara
YelHMH bICHIThUITAHAAH KNHUH MellIKe yxubdepuiieT. [JoMHa ra3bIHBIH KaHa
a0aHBIH arbIMbl aBTOMATTBIK TYPAO *KOHI'O© CaJIbIHAT.
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JloMHa MelIMH/Ie KRYPYYHY XMMHMSJIBIK peakumsajap xaHa ajap/ablH
BLJIAaM/IBIKTAPBIH Te3/IeTYY4YY LIapTrap

JloMHa MeIIMHHUH OHAYPYMAYYJIYTY aHBIH OJYOMYHO raHa ’Kapalia
00100CTOH aHAArbl KYProH XMUMHUAJBIK peaKIUAJapAblH bLIJaMABIKTA-
pbIHa 1a 6aHJIaHBIIITYY 60J10T. XUMHSAJIBIK PeaKIIUAHBIH bLJIaM/IbITbIH
Te3JeTYY4Y Heru3ru (paKToOpJIOpy peaKIUsAra KaThbIIIKaH 3aTTap/AblH KOH-
IEeHTPAaIlHACBIH KOoropyJjaryy, THHHIIYY OeTTepHH KOOOMUTYY, MEIITH
peaKIlMs KYPYYI'® BIHIalJjIyy TeMIlepaTypa MeHeH KaMChI3 KbLUIVY K. 0.

XHUMHUAJIBIK PEaKNUAHbIH BLIAAaMABITBIH Te3/eTYydy caHall OTKeH
(GPaKTOpPJIOPTO KaMPBUIBIN 6TOJIY. Peaknusra KaTbIIKaH 3aTTapAblH THI-
HIITYY OeTTepHH KOOOHTYY YUYH MelllKe KeJIyydy abaHbl KbIUKBIJITEK Me-
HeH 0aMbITHII, aHBIH KOHI[EHTPAIlUACBIH KOTOpyJIaTarT ke MeIllKe sKapa-
TBUIBILI I'a3bl XKUOepuileT. Besrniryy remneparypara 4eiMH bICBITBHIITAH
TalIKOMYP/IOH aJbIHI'aH KOKC abaHBIH KYpaMbIH/Iarbl KbIYKbIJITEK MEHEH
peaknusara Kuper, 6. a. KYHer:

CRENOIISICH 05200

Peaknusi aK30TepMHKAJIbIK, aHBIH HaTbIMKachlH/1a 06JIYHYII YbIKKAaH
KBUIYYJIYKTYH 3CeOMHEeH MelITUH UYMHAEer KaTMapJal caJblHIaH bap-
ABIK 3aTTap BICBITBLIAT, OINIOHAO peaKIMUAHBIH HNPOAVKTYCY OOJTroH

kemypTek (IV) okcum 9ok 60y BICBITBUITAH KOKC MEHEH 03apa apakeT-
Teller:

[ o 2T

Meiaas KHHUHE MeIITHH HYuHAern Temup kesn (Fe,0,) 6enrmoyy
remneparypara (450°C — 500°C) ueitnn xeTkeHe komyprek (I1) okcuan
MeHeH peaKnusara Kuper. TeMupre 4yeiiuH KaJIbIObIHA KeJITHUPYY OUp Heue
0acKBIYTBEI HMYMHE KaMTBIraH ap TYPAYY TeMIIepaTypasIblKk peskuM/ie sKYProH
peakIuAIapAbIH OPOAYVKTYCY 0oJoT. JloMHA MeIInH/Ie KYProH KOITuYyIyK
peaknusap rereporeslyy. Peaknusra KupreH aarrapAblH THHHIIYY Oe-
THH KO0OHUTYY YUYH Kb[YKBUITEKTUH KOHIEHTPAIUSCEIH KOropyJaTyyaaH
TBIIIIKAPbI, peaKIIUATra KaThIIIIKaH KaTyy 3aTTapAbl OeJIrniyy eJ14eMaepre
YyedMH Maijasainar. KeHJUH kaHa (IIOCTYH ©TO Maiiga yaH4YaJjapblH
OMPHUKTHUPUII «OBIIIBIPHIN», aHAAH KMUUH MeIIKe TOJTYpPYIIarT.

JloMBa MEITMHNH 6HYPYMAYYJIYTYH KOropyJiaTyy4dy Jarsl 61p mapr,
TeMUp KeHHH OaubiTein, TeMup (III) okcuanu G6amka apanammanapaan
a’KpIPaThIll, aHBIH KOHIEHTPANUsACKIH »oropynarar. Kenan razapryyuayH
’KOTOPKY 3 EeKTUBAYY BIKMAaChIH naijajgaupimar. JloMHa MeIInHIe KO0-
F'OPTOH KeH, KOKC KaHa ()JII0C KYKTOJOT, TOMOHTOH KLIUYKLIJITEK MEHEeH
OaipITHLITaH aba YHJIOTYJIOT (KapaMa-KapIibl arbIM IPUHIINOH).
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JloMHa MeIlIMH/Ie KYProH peaKknusaIap/biH TeHjleMeJlepy TOMOHKY/I0H
GUpPHUHUHE apThIHAH OKMHYMCH Yaalalll AKYPreHIYTY KOPCOTYJIYII Ka3bljlarT:

3F0203 +CO > 2F9304 T+ COz

Temuepatypa 600 Cre »xoropy HoJIroH 10 Iaij a 60JIrOH TeMHUP OKa-
e (Fe,0,) keMypTeK (I1) okcHIM MeHeH peaKkluAra KuperT:

Fe;0, + CO —> 3FeO+ CO,

KapI6bIHA KeJIYy PeakIIuschl TeMIlepaTypa JKoropyJaraizia (700 Cre
yeiiH) aHJlaH apbl KYPOT:

FeO + CO — Fe + CO,

OLIeHTHII, MelITe KYProH KajablObIHA KeJlYY peaKIusAIapbl DacKbId-
Tyy, OeJrmJyy TeMIepaTypaJbIK PeXuMAe (1100°C) askTam, TeMHp
OHIYDPYJIYII aJIbIHAT. sJHoropy »KakTa KYProH peakIAsUIap/bl OUPUKTHPHUII
TOMOHKY/OH Ka3cak 00JIOT:

Fe;3032 + 3C*20 — 2Fe® +3C**0,
Fe,04 +4CO— 3Fe+4C0O,

KarniGelHA KeJreH TeMHp KeHJe apajaluMa TYPYHA® KapMaJibIll
JKYPreH KpeMHUH, pocdop »KaHa KYKYPTTY 3PHTHII YOIOHAYV ITaijia KbLIaT.
TeMup KeHUHJe KbINBIHIBIK MEHEH pHUi TypraH apajamMalap KapMma-
JIBII JKYPOT. AJjlap/bl aXKbIpaThIIl Gesyn ajJyy Y4YH JOMHA MelllNHe TeMUD
KeHH, KOKCTaH TBHIIMKAaphl, (GJIOC Ke IJIaBHHUJIEp KOUIyJIaT. DI0CTYVH
POJIVH KaJbIIUi KapbOHATEHI CaCO, aTkapar. AJ1 KeHJeru KapMaJblll
YKYPreH apajaliMaljap MeHeH KeHHI 3pHM Typras HIJaKTapAbl — OMpPHUK-
MeJIepJH nauja KbljiarT.

MemTeru KapMaJjblll TYpPras TeMuepaTypaHblH aceOMHeH KaJbIuu
KapboHAThHI aXKbIpall KeTeT:

CaCO5 — CaO + CO,

[Taiina 60JIrOH KIBIMI OKCHAX KeH/le KapMaJIbIll JKYProH KpeMHUH
(IV) okcHAM MeHeH peaKkIusAra Kuper:

CaO+ SiO, = CaSIQ, (mnak)

KenauH KypaMblHAA apajaliMa TYPYH[® KapMaJblll JKYPreH ¢oc-
dopAYH KaHAa#AbIp OUp 06YrY KbIYKBLITEK MeHeH apaKeTTeHHIIIeT:

4P + 502 — 2P205
7K oropky peakIIMSHBIH HaThIHKaChIHAA naitna 6osuros gocdop (V)

OKCHAM KaJbIM¥ OKCHAYM MEeHeH apaKeTTeHHIIHI, KaJbIUHN dochaThbIH
mamaa KepljaarT:

3CaO+ PZOS - Cag(PO4)z (III.TI&K)
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I[Ianpa 60osroH KaasuMM ¢gocdarsl ga HIJaKka Kerer. MellITHH ap
KaHJAau OeJIYKTOPYHAO TYPAYYYO peaKnusjgap KypeT. MemuTeru »KYproH
peaknUsiJapAblH HaThIMKacbhIHAa Manuga 00JIroH mIjgakTap 0aJaKbII 3PHII,
ajlap YOolOHJaH »KeHWJI 00JINOH/IVKTAaH MEelITHH TOMOHKY O4oryH/ia (ropH)
YOIOHAVH YCTYHA® »kauramar. O4oKTOry TeIIHKTHH KOTOPKYCYHAH IIIJIaK-
Thl, TOMOHKYCYHOH YOIOH/IY arbI3bIIl KYIOII aJIbIIIar.

MemTn KeH, KOKC »XaHa (JIlocTap MeHeH TOJITYPYYV, IIIJIaK »KaHa Yo-
JIOHJTY KVIOII JIVY MeXaHU3alusIallThIpbLIral. JloMHa MelInH/1ers mporecc-
Tep/au balKapyy aHjarsl ONTUMAJIAVY IIapTTap/Abl KapMall TYpPYy aBToMar-
TBHIK ©JT4664Y, TeKIIepYydY aclanTap/bIH >KapJaMbl MEHEeH »KYPIy3YJeT.

IloMHa MemMHAE, KOKCTYH OpJAYyHA KypaMbIHJIa MeTaHJIbl KapMall
KYPI'eH »KapaThbUIbIII Ir'a3dbl Aarbl KOJJAoHYJIaT. AHJa KaHJal XUMHAJBIK
pearkuusap »KypeT? ByJ KowoJras cypooro TeMOHKYYO K001l bepcek 6o-
JoT. MeraH KyHyy4dy raa, ax Kyuresne kemyprek (IV) okcnam xaHa cyy
nanaga 6osor. Memre kemyprek (IV) oKCHAMHHMH Ken haﬁga bosymry
aHbIH (II) OKCHIMHEMHE KOHIIeHTpalusChIHLIH OCYIIYHO aJIbI KeJeT. Hlo-
ropyza aTajraH peakIUusiJapAblH TeHleMeJlepyd TOMOHKYA0M TYIOHTYJIAT:

CH, +20, —» CO, + 2H,0 C+CO, - 2CO
C+H20—>CO+H2T

Byn peakussHBIH NPOAYKTYCYHaH OalKaJblll TypraHjgail KeMypTeK
(II) okcmamHeH falKa KoUIyM4ya KaJIbIObIHA KeJTUPIUd-CYyTeK I1aijia 60s1y.
KokeTyH opaiyHa »KapaThUIBIII I'a3blH JOMHA MEeIINH/e NaliaJlaHradla aHbIH
OHAYPYMAYYJIYTY KOIrOpYJIauT.

IloMHa MelllMHEH YbIrapbUIraH YOIOH/AY MY3/1aTyy IIapThIHA JKapalia
aKk ke 003 4oloH Oosymy MYMKYH. Bo3 yormwnzga 1,7-4,3% ke 4elluH
KOMYpTeK, 1,25—4% ke yeliuH kpemHUM, 1,5% maprasner 6osor. YoioH-
Ja KpeMHHH KOIl KapMaJlblll )KYProHAYKTOH, KOMYPTEKTHH 3PHUIITNA TOMOH-
eI, KeMYpPTeK rpaduT TYPYHAO OOJIYHOT.

Ak yoroH. Kpemuuii a3 cagza kapmainar. Kypams! 1,7-4,3% ke yelins
KOMYPTeK, 4% TeH »KOoropy mapraselreH Typar. Kemyprek TreMmup kapou-
nu (Fe,C) nemesTur Typyse 6oy0r. AK 40l0H KaTyy, MopT. ByJ kacuer-
TH IleMeHTHT OepeT. AK 4ol0H/IaH D0JIOT ©HAYPYJIOT.

Bo3 40r0H casbIITBIPMAYy KYMIIArbIpaak, MeXaHUKaJIbIK YKaKTaH
’KeHWI UIITeTWIeT. OPKUH KOMYPTeK YOIOHPa 2KYMIIAaKTHIKThI Oeper. AH/aH
MaIlWHAHBIH ap KaHJAal TeTUKTepH (IOHIeJI0K, TYTYKTOp . 0.) skacaJiar.
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§ 4. boasor oHIYPYY

YoroHaaH 60J10TTY OHAYPYY HErH3UHEH Y4 bIKMa MEHEH YKYPry3YJIeT
(6.3-cxema).

6.3-cxeMa

/ BoJsioT 0HAYPYY \
. |

KbIUKBIITEK-KOHBEPTOP MapTteH DJIeKTP MeLInH/e
BIKMACHI ’ BIKMAaChl OHYPYY BIKMAaCHI
BoJIoT OHAYPYYAOry chipbe aK 4oloH. JoIoH[a KapMaJblll KYProH

KOMYPTEKTH 7KaHa OalllKa apajaliMajap/bl OKHCTEHAUPYY MeHeH aJiap-

IbIH CaHBIH a3aiiTyy KepeK. PIIOCTYH KapAaMbl MEHEH KpeMHHUH, Mapra-

HeIITHH KapMaJbIIIbIH 6T a3 CaHTa YelnH TOMOHAOTYYTO 00JIOT.

KBIUKBIITEK-KOHBEPTOP/IYK bIKMA

Yo1oH1y CONMOTKO alJIaHABIPYY BIKMAChI (J1aThIH CO3YHOH convertere —
aitragALIpyyY). Dyl bIKMajza apajalliMajlapbl KYHUIy3YY KOHBEPTOPAO
YKYPIrY3YaeT. AHIJIUSAIBIK OKYMYIITYY . Becemep (1856-2x.) KOHBEpPTOP-
AVK bIKMa MeHeH 4OIOH/IaH 00JIOTTY aJiraH. YowHAY OD0JOTKO UIITETYYAO
apaJlalliIMaHbIH OKHCTEHYY IIPOIeCcCH KOHBEPTOD (6.5-cypeT) aen aTaJiras,
AJIMYPYT chbIMaJl (popMaziarsl MeTaslyl MeHeH KalTaJlaH q0H KypaJija (MauAL-
Te) HIIIKe allbIpbLiIaT.
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6.5-cypoT. beccmep koHBepTOpy: 1 —aHTaprol4 Ty3ynyil
mMexaHuamu; 2 — KoHBepTop; 3 — dypMa; 4 — 4OHAY Kyloydy asHT.

KoHBepTOp MY »Karskl OTKO YbIaMAYy KBIII, CEIPTHI ZKYyKa MeTaJll
VeHeH KanTajgrag. KoHBepTop Me3THJ-Me3rHj MeHeH HIITed Typras
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anmnapar. Ara 6aJKbpIraH 4YOIOH/AY 003yHaH KyoluaTt. JooHra MeTasll-
napablH ceIHBIKTaps! ( 100 1) kaHa akUTall KoLIo caJjblHAT. Pypma
apKBLIYY KBIYKBUITEKTH YOIOH/IVH 9PUTHHANCHHE YHIOTKOH/I0 KOMYPTeEK,
hocthop, KpeMHHH, KYKYPT KaHa MapraselTep MeHeH KOIIIO TeMHUp Aarbl
OKHCTEHYY peaKIMsACHIHA KaTBIIIBII, aJlapAblH OKCHJAEpH IIaijga 6o-
JoT. KoHBepTOp/10 TOMOHKY/I0M OKMCTEHYY peaKIIusajIapbl KYpoT:

C+0, - 2CO Si+ 0, — Si0y
4P + 502 = 2P205 S + 02 = 802
Mn + O, > 2MnO 2Fe + 05 — 2FeO

PeaknusiiapiaH 06JYHYI YbBIKKAaH »KbBLIVVYJIYVKTYH 3ce0MHEeH KOHBep-
TOPJIO OTO »KOTOPKY TeMIlepaTypa KapMaJiblll TYPraHAbIKTaH YOHAY 00-
JIOTKO aMJIaHABIPVVY IIPOIECCH Te3 TeMII MeHeH KYpoeT. AKHTalI-(JIIoC
ajkKpIparagja namja 60JIroH KajabIIMi OKCHAN KHCJIOTAJIBIK OKCHJJIep Me-
HEH apaKeTTeHHIIIeT:

Ca0 + Si0, —> CaSiO4 3Ca0 + P05 — Caz(PO,),

PeakKIIMAHBIH HaThIMKachIHJAA Iauja O00JITOH KaJbIIUH CHJIHMKATHI
KaHa (pochaTbl OHOM OAJKBIII 3pYY4Y 3aTTap 00JroHAYKTAH IIJIaK TYPYHO
OOJOTTYH YCTYHZ©® KaJKbIII KajaT. KyKypT jaarsl KaablIUH cyJIbhHAH
TYPYHAO IIJaKKa OToT:

FeS+ Ca0O —» FeO+ CaS (mnrak)

BosorTro aEBIE canarelH TemMeHaeryyudy Temup (II) okcuam 6up a3
©JI4OM/I6 KaJbIl KaJjaT. boJIoTTy aHJaH Ta3ajsoo Y4YYH MapraHelTH KO-
motr. Maprasen temup (II) okcuam MeHeH peaknnusara KMper:

FeO+ Mn — MnO+ Fe

PeaknusHBIH HaThIM>KachIH1a manjga 6osron mapraser (I1I) okcenan
kpeMEUH (IV) okcuim MeHeH peaKIUsjaInar:

MnO + SiO5; - MnSiO; (mak)

ITaiina 6oaron maprasen (II) cuaukare! Jarsl HIJIaK TYPYHAO 00JIOT-
TOH OOJIYHYII YbIrar.

YHorwoH1y 0HAYPYYHYH KaJIl'aH 9KH BIKMACBIH/IA JIarbl KaJIBIObIHA KeJTYY
IIPOIIECCH KOTOPKyAall peaknusijgapra Herusjeiaresd. OKHCTeHYY-KaJabIObI-
Ha KeJIYY IpollecCH asgsKTaraH/laH KHMHUH KOHBEPTOPAY »KaHTaNThIII, IIJIaK-
Thl OUPUHYH, aHJaH KUUHUH O0JOTTY KVION aJbIIiar.

MapreH bIKMachl

MapreH bIKMachl MeHeH DOJIOTTY OHIYPYYI® MapTeH MeIlINH/le OKHCTeHYY-
KaJIbIOBIHA KeJIYy IIPoIleccH 7KypoT. MapTeH MellIMH/Ie YOKTONH KaKIIIbITa bIChI-
ThLIF'AH YOIOH apKbUIYY aba »ke KbIYKBUITEeK kubepmier. YorwoHra remup (I11)
OKCHJIH, TEMHUP/IVH CHIHBIKTApPhI KOIIIYJIAT, aJlap Jla OKACTEeHYY-KaJIbIObIHA KeJIyy
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mporleccuHe Karbnuar. Mapred MEIIMHIH KaJIral MellITep/leH albIpMachl Te-
MHUp KeHH [a KaJbIObIHA KeJIuIl, 60JIOTTYH TYPAYY MapKajapsl ajlbiHaT. Map-
TeH MeIIMH/Ee MYPYHTaH OeJr'vjeHreH oJI96M10 KOMYPTEK, KpeMHHUH »KaHa
JIerupJIellITEPYYdY (MapraHeis, MoOJINOneH, BoJib(pam) MerTajiap Kouryjar
(6.6-cyper).

6.6-cypoT. MapTeH MeLWwnHWH Ty3ynyLly.

1 — KyAYYy NPOAYKTYCY; 2 — Tepese,
3 _ gaHHa: 4 —ras; 5 — KbluKbINTeK xaHa aba; 6 — pereHepaTopnop.

MapTeH MelIu 9KH DOJIYKTOH TyparT.

1. BanHa. AHBIH MYM OTKO Yb[aM/yy KbIII MEHEH KBIHAJbII
TOLIeITOH, Tobocy KazaHbak opMachlHAa 0Oy HUHUJIIAIL, Ka0plIyyra
BIHFAillyy. Ara IIMXTaHbI, TeMHD KeHH, YOIOH, CHIHBIKTAD, TeMUP
KYKTOMO Tepe3esiepHd apKbLIyy cajblIIarT. [IponeccTepaAn DalKOOUYY Te-
pezejiep/li TEIIMKTepH ODap KallKAKTap MEHEH skabprmar. MellITHH apT
skaTrbIH/Ia 00JIOTTY arbI3bll ajayydy TYTYKTOP bap.

2. PererepaTtopsiop. MapTeH MEIIUHUH TOPT PEr€HEPATOPY 0ap. AHBIH
9K00 apKbLIYY OTYHAYH KYHYIIYHYH HaThIJKachIH/Aa naijia 60JIN'OH ra3/ibl
oTke3yeT. TeMuepaTypachl Koropy 00JITrOH raszap pereHepaTopAyH Ke-
perecuH abjiaH BICBHITAT. AHJIaH KAUMH BICBIK a0aHBIH arsIMbIH My3/aK
3KH pereHepaTopro 6arbITTauT. AJl 9MU bICHIraH pereHepaTopro cbIpTTaH
264 sKaHa KBIUKbUITEK skubepuser. OLIEeHTHII, pereHepaTop ChIPTTaH 7KH-
OepHJITeH MY3/laK ra3zbl OeJITHIYY TeMiepaTypara yeAWH bIChITaHJIa MeIll-
Ke sKkpuOepuIl TypaT. MbIHAa# bIKMa MEHEH OKHACTEHYY [IpOIleCCUHUH Ha-
ThIMKACHIH/A GOJIYHYI YbIKKAH KBLIYYJIYK CBIPDTTAH KeJITeH My3lak ras-
161 BICBITYYTA NalasaHbLIaT. PereHepaTopjlopay Ke3eKTellITUPHII bICBIK
’kaHa My3/aK aba KuOepHIl, HIINH KOHT'O CaJbIl TypyIlIar. MemTeru
remmnepaTrypa 1700-1750°Cre 4eduH ’KeTeT. MapTeH MeIIHH/E KbI4-
KLIJITEK MEeHeH 0alpIThLIraH adbaHbl YCTYHOH 6TKO3YIIOT. Ymya ydypAaa
aHBIH YCTYHKY OeTHH/e JKalrallKaH apajalMajap raia OKHUCTeHeT. AJl
MU GaJKBITAH YOIOHAVH TepeH KaTMapblHAArbl apajalrMajap TeMHup
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OKCHAMHMNHT
ydypAa Yok
Mapre
JIBIK IIpoIen
OHYPYIL aJI
abIpMaJIaE:
CBIHBLIKTapE:
KEJTHDPHUII, =
MapbIH/1arbs

JIIeKT

IJIEKT]
HBIH »XapJas
TeMIlepaTy=
KapMaJIblIIl =
00JITOH Jier:

Kypyyra kar

§

MekTe
KOeJIoM/Ier'y =
pBIMaphl 1=
OHAYPYLI
OHZYPYLITO!
MHSAJIBIK 7K
3aphla 601
KenTyp oumr
Herusjaepu -

1. Amx
TeKTepeH »"
HUTKE TapT”
eHAYpYyAer:

2. Pea
MaKcaThIH/I®
KBIYKBLITEE

3. XHN\
THMaJIAVVY [-

4. Ap
KaTaJIu3aTo"

9. XHlr

KBLIYYIVK ©
6. Kap

pa naupana -

pyy/ze).

saMBIHJArbl KbIYKBIITEK MeHeH okucTeHHunIer. Kenuyayk
TEeMHUP KeHHH KOIIYII KaTKaH cebelTepH Aa yIIyHJIA.
SIIHHE YOIOHAY 00JIOTKO alJIaHABIPYYAa KYPIroH XUMHUA-
=D OHOM K636eMeJI6HYH, 00JOTTYH ap TYPAYY MapKaJjlapbIH
mapT Ty3yJareH. OmoHAyKTaH 0y BIKMa OalKajgap/iaH
" Bys MemTe, 643 Koropy »KakTa alTKaH/JaW, TeMUPAUH
=aiipa HIITeTYYre 60JI0T. AJI 9MH TeMUD KeHHH KaJbIObIHA
KapMaJbll »KYPreH KbIYKBUITEKTH, YOIOHAYH TepeH KaT-
_JlamMaJjiapJibl OKUCTEHAMPYYT'e KOJIJOHYIIIAaT.

TIIMHIe D0JIOTTY OHAYPYY

“IIIM 9H KOTOPKY TeMIlepaTypaja HiuTeuT. Jaa pIKMachbl-
»MeHeH 3JIeKTp MelIHHzerd aH »Koropky (2000°Cre »xaxbIH)
“apMaJIblIl TypaT. ByJ MelnTe »KOropKy TeMmIlepaTypaHbIH
1y 6aJKyy TeMIepaTypachl }KOropy, MBIKTBI callaTKa 33
=HreH DOJIOTTY aJyyra MYMKYHJAYK Oeper. MapTeH MeIIHNH

=4/1a 3JIEKTP MEIINH KYpYy ap3aHra Typar.

*{UMHUd OHAYPYUIYHYH HJIMMHH HErusjgepu

pporpaMMachiHZla XMMHA OHAYpylly OoloH4Ya Oearmiyy
e=puaJjzap 6epuires. Cuiep XUMHUAJNBIK OHAYPYILITYH ai-
»¥H TaaHBINIBIN, OINOHYH HEruduH[e >KaJIlIbl XHMHAJIBIK
E1/16 ap TYPKYH MaaJIbIMaTTapAbl ajdAblHap. XUMHUAJIBIK
I KOIIYYJYTrY >KapaThLIbIIITA TapKaJIlaH ChIPhEJIOPAY XH-
11H KaWpajaH MIITeTHII, 3J1 YapOachIHBIH OHYIYIIY YYYH
mvaTepHajJlap MeHeH KaMChI3 KbUIyyjaa. ¥ IIyJ asjbIp-
[FHepre TasHBII KaJIIbl XUMHASAIBIK OHAYPYIITYH HIMMHUU
a=H CHJIepAHX TAaaHBIIITHIPHII ©TOJIY:

JIIYy4dy TaOUreli KeHAepAX 63y MEeHEeH KOIIIO KYPIeH «Kypy
aapThIn (QIoTanuANBIK bIKMa, KaJKBITBII YbIrapyy, Mar-
vy K. 6.), KegaHn 6aibITYy. MHucaibl, KYKYPT KHCJIOTaChIH
ITHP KoJiYeJaHbIH 0aUbITHIN Ta3apTyy.

sEira KaThIIIKAaH 3aTTap/IblH TUHHAINYY OeTTepUuH KOOOUTYY
“EJIep/ix OeJITHIIYY eJ4eMIepre YeHnH Mau1ajoo, abaHbl
gieH 0aMbBITYYV 2Ke »KapaThUIBII ra3dblH NanujajlaHyy.
S9HIYPYLIYHAS »KYP6 TypraH IIpoleccTepAy Te3/eTYY4dy OII-
*TTapAbl Tyypa TaHZ0o0.

EHYPYII YYYH ONTHMAJIIYY TeMIlepaTypa, DachIM »KaHa
TTaH/100.

IThIK peaknus YYYypyHAa 06JIYHYII YbIKKAH KBIIYYJIYKTY
aiIIThIpreIMTaApAA Naulaaanyy.

-EXapuIbl arsIM ’KaHa HUPKYJIANUAA IPUHIUITEPHUH TYVY-
(aMMHaKThI, KYKYPT »KaHa a30T KHUCJOTaJIapblH OH/Y-
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7. XuMusg oHAYPYIIYH/IOTY annapaTTapibl, ajlapAblH TY3YJIYIITOPYH
sKaHAa UIIITOO NIPUHIIUITEePUH YHPOHYY.

8. OHIYPYIITOTY XAMHUSI-TeXHOJOIHSJIBIK IIPoLecCTepAN YIOMITYPYY,
GaIIKapyy sKaHa TeKIepyy (6HAYPYIITY MeXaHU3aNAAJAMTRIPYY, aBTO-
MAaTTAIITHIPYY KaHa pobOTTOIITYPYY).

9. XuMHsA OHAYPYIIYHYH Y3TYJITYKCY3 HIITOOCYHO KaHA Damka
OHJIYPYILIITOD MeHeH OalIaHbIIIbIHA IIaPT TY3YY.

10. OnypYII KaJAbIKTapblH, TAIITAHABLIAPDBIH KapMall Kalyyra e
YBIIKAAaH OTKO3YII Ta3apTyyra KeTHIyy.

11. OHAYPYII KaJIAbIKTApbIHAH aillaHA-Y6MPOHY KOPT00, IMIEKTH
caKTo0, KOOIICY3/IVK dpeKeJIepyH Tyypa KoJIJ0OHYyyTra AKeTHIIYY.

12. OHAYPYLI MIITEI YbIKKAH MPOAYKTYHYH HaPKBIH TOMOH/IOTYYT'O
apakeT KbUIYY. '

13. OHypYUI HIIITell YbIKKAH IPOAYKTYJIap/bl CapaMKaAIAYy, YHOM/YY
nmanjjajIagyy.

X UMUSE OHAYPYIIY OPraHUKAJIbIK 9MeC XUMUAHBIH KAJIIbI TYIIYHYK-
TOPYHO TasgHAT KaHA aHbl CHCTEeMaJAlITBIPBII OHYKTYPOT. XuMus
OHYPYIIY »KaHa TEeXHOJOIHUsJIBIK IIpoleccTep TagHa TypraH JKAJIIIBI
TYIIYHYKTOPIe TOMOHKYJIOD KUPET: «aicopOIUsi», «IOMOTEeH/YY KaHa re-
TepOTeH/IYy peakUsulap», «XUMHUSJIBIK peaKIHsIap/AbIH bLIIAMABIILL aHa
TeHIeIIITHK », «TeHJeIITHKTHUH »KBLJIbIIIIbIHA TAACHD 3TKEH haxTOpIIOP Y,
«KaTaJIU3», «TOMOTEHJYY JKaHa reTeporeHjayy KaTajlus», «KaTajJlu3aTop
skaHa AHBIH KOI TYPAYYJIYTY», «OKMCTEeHYY ’KaHa KaJIbIObIHA KeJYY Peak-
[IHUSACHI», «2JIEKTPOJIU3» 7K.0.

Moropyzaa 613 caHall OTKOH TYLIYHYKTOP XUMUS OHAYPYIIYHYH M-
Muit pyHAaMeHTTepu 60JIyy MeHeH OHAYPYUITYK IpoIeccTepAnH Heru3uH-
Je aJ TYUIYHYKTODAYH MasMyHY TepeHJell, KOJI6MY KEHEeT. OraypyI
[IapTHIHA BLIAWBIKTYY aHJa ’KYPIeH XMMHUSUJIBIK peaKIusIap/bia bLIJIaM-
NBITBIH Te3AeTYYT® KeTUIIYY YUYH peaK[UAra KaThIIIKaH 3aTTap/AbIH KOH-
[IeHTpallusCchbIH, TeMIIepaTypachlH JKaHa fachIMBIH Tyypa NaijlaJaHblar.
VIIIyJI TYIIYHYKTOP TEXHOJIOTUSJIBIK IIPOIeCCTePANH TEOPHFLIbIK HEeru3uH
TY3OT.

Mucaibl, «aMMHAKThI OHAYPYY» aMMHAKTHI OHAYPYIITYK IapTTa CHH-
Te3/100 YIYH TeMIepaTypa, 0achbIM KaHa KaTaJIu3aTOPJOPAYH POy DO0I0H-
qa OMJIMMUHePAX 3cKe Tymypryie. Jlarsr 0up Mucai, TYCTYY MeTaJlIAap-
b1 OHAYPYYA® (KOpPromyH, IUHK KaHa 7Ke3), aJlapAblH KeH/IepuH ObIIIbI-
pyyzaa kykypr (IV) oxkcuau naitjia 60J0T. OHAYPYII TAllITaHABICHI KaTaphbl
naitna 6osron 6ya xkykypt (IV) okenzan alflylaHa-4eupere 4oH 3bIsSH KeJl-
TupeT. A3bIPKBI y4yp/a ailjlaHa-4eupeHyY oy3raH ©eHAYPYLI TallTaH/AbLIa-
pBI aTaibIH TY3YJYIITOTY acCIaNTap/blH 7KapAaMbl MEHEH TOCY Iyl KapMa-
yaT. YInys eHAYPYII TallTaHABLIapblHAH KoIIyMYa Kupeme 6HAYPYIyH
arsIHaT. MHUcaabl, Ke3 cyiIb(hHARHeH 1 T Ke3aqu 6HAYPYII ajIyyAia nauja
6osror KYKYpT (IV) okcrax (TamTaHAbl) TOCYAYI KapMaJca, aH/aH 10T
KYKYPT KHCJIOTAChIH anyyra 60JoT.
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KyKypT KHCJIOTACBIH ©HAYPYYAOr'Y ChIpbe IUPUT 63y MEHEH 4Oryy
’Ke3, IMHK, KOProllyH, KobaJbT kaHa bamKa MeTalJilap/AbIH OMPHUK-
MeJlepHH Kapmaln »kKypeT. KaiJbIKCchI3 6HAYPYIITY YIOIITYpranjia Oy
MeTaJJafapAbl 03YHU® 0OJyn ajJyy MYMKYHUYJIYry maiaa 60JorT. An
9MHM YOIOH »KaHa 00J0T OHIYPYYA® naiga 00JIN0OH HIJIaKTapAbl EeMEeHT-
THH ap KaHZall TYpJepyH eHAypYYre naijganaHca 6oisor. lemek, Ke-
JledeKTe KaJAbIKCHI3 OHJYPYLITOPAY Kypyyra »KeTHUILI1YY 3apblI.

Kapa MerajyprusiHbIH aJABIH/Arbl Jarbl OMp MPH MaKcaTTapbl
6OJIVII, YOIOH 7KaHa aHbIH KyiMaJapblH OHAYPYYHY ©3TOpPTYY MEHEH KeH-
JAMH 03YHOH 3Jie 60J0TTOPAY OHAYPYYT® KeTUIlyy Kepek. JloMHa nporec-
CHH aTTall 6TYII, KeHJIeH 00JIOTTY ajlyyra KeTHIIYY Kapa MeTaJlJIyprus
@HOpP KA bIH TYI-TaMbIphIHAH OepH ©3repTYYHY Tajall KblIaT. MbIHAAN
HIITep 0AmITaJbII KaJAbl.

AJicak, TeMHUp KeHWH ’KapaThUIBINI I'a3bl MeHeH KaJblOblHA Kel-
THPYY. PeakMsTHBIH TeHJAeMeCH TOMOHKY/I0H:

4Fe,05 + 3CH, — 8Fe + 6H,0 + 3COy T

Horopky mpoliecc aiuIaHbII TYPYVYY IIMH/IPAMK Melll apKbUIYY HIIKe
amar. MelnTeru TeMiieparypa TeMUpPAUH OAJIKBII 3pYY TeMIlepaTypacblHaH
ToMOH 00JioT. MbBIHAA KOIIII6K TeMHp ajJblHAT. AHBI 3JIEKTP MeIIHH]e
HIITEeTHH 60JIOT OHAYPYJIOoT. MBIH/alf BIKMAa MeHeH OHYPYJIroH DOJIOTTYH
©3YHO TYpraH HapKbl ap3aH 00JIOT.

§ 6. KpIproeidcranaarsl XUMus OHJIYPYILIY,
AHBIH HEerm3rm npoodJjemaJliapbl

KbpIpreidcTal MEHepaJAblK KeHOalabIKTapra 0am eake. ['‘eosorus-
JIBIK YaJITBIHI00JIOPAYH HaThIM7KAChIHAA KOIITOIOH TaOUIbIil MUHEPaIbIK
KeHJlepAWH 3anacrapbl Tadsuirad. Keggepau mapTTyy TYPA® Y4 TOIIKO

6eJice DOJIOT: KeHAMK, KeHIUK aMec, Kyiyydy (6.4-cxema).
6.4-cxemMa

l Munepajjiblk KeHOaHABIKTAP |

Kenauk  Kenauk amec Kyityyuy

| l l

CypbMa, MBIIIBAK Cbl- T ke TR =

% [Toram, amopxhTyK Kom : v
Marl, BoJikppam, KajlaH, KDEMHUI, OTKO UbIaM- | MYPAYH TYpJIOpY:

KobanbT, KOProumyH- 1Yy TOIYpaKTap KYPOH KOMYp, Talll-
LMHK-7Ke3 KeHU KOMYp ’KaHa aHTpa-
[ ' nur. Hedrs. Pep-

KolTyMua OHIypyJIeT: ajThiH, [IupuTr kaHa XaJbKOIM- | FaHa TajaacblH/A,
KyMyI, Kajmuii k. 6. Ceitpex purtep. KapborarTheik || Arbambl padoHyHAA
Kesfemyydy Metayjap. He- | | TOPOAAJIap: akuTall, H0- Keaaeuier. YIIyJ
(heIMHJMUK »KaHa CUEHUTTHUK JOMHUT, MepreJb. Kywm, || KepJepje >KapaThbl-
KeHJlep . 0. IarbLI, Talll HOpoJasiapsl | JIBIIL ra3sl bap
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KemuysIyk yuyp/ia KeHIHK MHAHepaJIlapAbl XUMUAIBIK IPOAYKTYJIAD-
bl JKaHA MeTaIAapibl eHAypYyAe koiajgorymar. CaHan 6TKOH MHHE-
paJiblK KeHOaWIbIKTapAblH 0apABIK TYPJIOPY KBIpreIa eJ1KOCYH/10 KeHUPH
TapaJITaH »KaHa aJIapAbIH ©HOP KaUAbl HIITEeTYY4Y 3amacTapbl KoIl. ['eo-
JTOrMSUIBIK YaJITBIHA00OHYH HaThIM>KacbIHAa 26/1aH allIbIK ap TYPAYY METaJLI-
napabl OHAYPYYYY KeHOauJBIKTap KaHa 10016H ambIK KOMYp, HedTh,
ras, MEHePaJIIbIK aHa yKep acThIH/Arbl CyyJjap TabbLI/bI. A3BIpKBI yUyp/a
Ka3blll aqyydy KeHjiepAuH 40TaH alIbIrbl HIITETHIYY/O. Kpipreia Pecniy6-
JIMKACHIHBIH TOMOHKY aiiMaKTapbhIH/a Ka3blll aJbIHYYYy KeHOaMJIbIKTap-
ABIH OPYYH/YY 0JTY6MY Kairamkad. Ajlap TOMOHKYJIOD:

1. YaTkasu, Hapsle 30HajapblEAA CypbMa, BoJb(MpaM, MBIIIbAKTEI
KaMThIraH KeHJep ’KaHa cepeKk Kes3J/lellyydy dJIeMeHTTepAuH KeH/EpH,
reMup KeHjepH (Herum TeMup KeHH), HedeJUH XKaHa CHUEHUT KEHAEPH,
moraml, aMop@TyK (KeHJAUK aMec), KOMYPAYH ap KaHJay TYpJjiepy, KyM,
[rarsuI-TamTap .06. TapKaJras.

2. (beprara-Kakimaas 3oHacbklHa cCypbMa, ChIMall, MBIIIbAK, BOJIb-
dpaM, Ko6aabT KeHJlepHu, KOMYPAYH OapAbIK TYPJIOpY. Osren, KekxaH-
rak, PepraHa epeeHIO0PYH/I6 HeTHHIH 3aracTapbl 6ap.

3. blcbikkes obaycyHyH Capblykas 30HAChIH/Ia KaJal/Abl KAMTBIIaH
keHAep kaHa JlpIprajaHd anjblHAa Talll K6MYP, ap KaHJlaul MUHepaJIAbIK
oyiakTap k. 6. 6ap.

4. Xainapxas kaga KagaMmsxail KeH TajlaajlapblH/a CbIMall, CypbMa
KeHJlep¥ KeHUpH TapaJiraH, aj KeH/Jlep/IuH 3aracTapbl KoIl.

5. Kag-CyMcap 30HacbhlHZla KOPTrOIIYH-IMHK KaHa JKe3 KeHJIepH,
aJlap/laH KOIIyM4a KYMYI, KaJMHH, aJITbIH 6HAYPYJIOT.

6. Ausikramn (Tanac palloRy), IMPHUT, XaJIbKO IIMPHT; KapboHaATTyy
nmopojajapfaH: aKMATall, JOJOMHUT, Mepreb X. 0.

7. blewikkeos, Hapein, Tanac obsycrapblHa ajJThIH KeHAEPH a4bl-
JIBIII, HMIIKEe KUPrUu3uIyyae.

8. Tymryk-Tsaepmans, Kabak, Tymryk blcbikkes aiMaKTapblHAA
KOMYPAYH ap TYPAYY TYpJepy, sHyMrau palloHYHAA He(eJIHUH KaHa CHe-
HUT (aJIOMAHAAIH 6HAYPYYYY ChIpbe), pecnyO0INKaHbIH OapAbIK paloH/O-
PYH/Ia OTKO YblZIaMAYyy Tonypak (KpI3bLIKBIA), KYM-IIArsUl TAll Iapoja-
Japbl KeHUPH TapajiraH. ['eoJOrusiIbIK YaJIrbIHA0O0 HIITEPH YIAHTBLIVYAQ,
KeJeueKTe Narbl KOINTOereoH TaOUIbeli MUHepaIJAblK KeHOAMIBIKTAD a4bl-
JIBIIIBI BIKTHIMAJI.

O yapbachlHBIH TajIabbIH KaHAaTTAaHABIPYY YYYH KeHOaMJIBIKTap/bl
YKaHA YKePrUJIAKTYY ChIPbeJIOpAY MINTeTYYIY XUMHUA OHAYPYIITOPY HIITEeUT
»KaHa yKaHpLIapbl UIKe KUprusuwiIMexkydH (6.5-cxema).
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6.5-cxemMa

:J'I"':'u'!.ll|l.1' }

l otk XUMHUA l
e 7 OHAYPYUIY
TookeH | Aubi1 yapba
~ KOMOHMHATBHI ‘ l NPOAYKTYJIapblH
l MeTannyprus AIITCTYYHY
KoMOMHaATTAp
Celipek | l
Ke3 /el |
AEIIyydy | Tycryy — CHJIHHIiT
MeTaJlJ11apAbl | OHOPIK a bl
| MeTaJJIYPrus
| MIOTeTYY - | | l
l l Kepamuka l [lemeHT
i iy KymTop anTblH
Kagam»xau "
2 KOMOMHATHI l AHHEK
cypbMa
KOMOMHATHI | Xangapxad cbIMaIl
KOMOHMHATHI

AJtapbIH aipbIMAApPbIHA TOKTOJIYII ©TOJIY:

1. TookeH koMOMHaATTaphl. MBIH/Ia KEHAUK-CeMpeK Ke3Jlelyyqdy Me-
TaJUIAAp/ABIH KOHIlEHTpaTTaphl fasgpaanar. byia kombuHaTTa cejieH, Kaj-
MUt @HAYpYJIeT. Aslap MeHeH Oupre ajie KpeMHHUH, aHbIH HPH KPUCTAJLJIBI
ecTypyseT (OpyioBKajarsl cedpek MeTaJlJIJap/iblH KOHIEHTPaThIH pagu-
Hupiaee, Kapabanraaarsl pahuHUPIee KOMOMHATTapbl KUPeT).

2. Tycryy merasiaapasl esaypyyre Kagamskail cypbma, Xanjapxas
ceIMan, KyMTep ajThIH skaHa ceiipeK MeTaulap/Abl 6HAYPYY KOMOMHATTa-
pbI KMpeT. Bysap uiurere Typras chipbesiopy cypbMa (111) OKCHIMHIH KOKOY-
JIaHTaH KOHIIeHTpaThl, KHHOBaphb XK. 6.

Kanamskail cypbMa KOMOMBATHI KaHbl TEXHOJIOTUAJIBIK IIPOIlECCTEP-
Y OHAYPYLIK® KHPru3dyy MeHeH OHYPYJIYI YbIrapbliraH IPOAYKIUAHBIH —
CypbMaHBIH callaThIH JKOropyJjaryyra keTHIITH. By komOuHaATTA CBI-
pbeHY KOMILJIEKCTYY HaijjalaHyyra »KeTHIIHII, CypbMa-chIMal 6HAYPY-
IIYHYH KaJAbIKTapblHaH, KbIMOaTKa Typrad cypbMa ChIpbeCyH Kaupa
UIIITeJINeH KaJAbIKTaH 66yl ajyyra *KeTHUIITH.

CypbMa-chbIMall 6HYPYUIYHYH TalllTaH/AbLJIaPbIH KapaThLJIbIII I'a3blH
nmaaajgaHBIl, aTaWblH MEIITH KalpajlaH HIITETHII, TYCTYY MeTalJIap /bl
6esyn aneTel. KoMOMHATTEIH MeTAJIJIyprjaapsbl 3JIEKTPAUK bIKMa MEeHEH
cYpbMaHBbI OHAYPYII, 6T Ta3a cypbMa ajaslmThl. Kombunar 201aH alIbik

OHAYPYIIK® 63 NPOAVKIMUACKIH OepeT jkaHa 12/1eH allIbIK YeTOJIKOJIOpre
carar.
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CypsMma (I1I) okcuanues (Sb,0,) Taza MapKajlarsl Cy — 00099,999%
cypbMacs! ogaypyser. Cy — 00 sxana Cy — 000 mapkaceIiHarbl CypbMajap
YKOI'OPKY KaTeropusira KUpru3mjre.

VAVTTYK WINM/ep aKaJeMHUsChbIHBIH OKYMYIITYYJIapbl MeHeH 0up-
JIMKTe CypbMa KOMOMHATHIHBIH HHIKeHep-MeTaJlJIyprjiapbl 6T Ta3a «J3KC-
Tpa» CYPbMaHbl OHAYPYI ajlyy TEXHOJIOTHACHIH HIITEIl YbIIBII, alIaHyy-
4y MeIlTe OKCH/JIMK KeHAH umrere ajaplmThl. KoMOMEAT HUITEINl YbIrap-
ran npoayknusacein Jleitnurae, Bporo, Ocako, /Tamack »xaHa bprocceit-
Jie OTKOPYJITOH 3JIapaJiblKk KOPre3MeJopre KOUroH KaHa ajJap/bIH calaT-
TBHIK 3TAJIOHJIOPYHA TATBIKTYy OOJITOH.

VinyHAail )KOTOPKY KeTHIIKeHAUKKe 29 O0JIroH KoMOMHAT KHM-
MHKY Kalipa Kypyy KblI/lapblH/Ja OalbIHAH KOII KBIMBIHYBLIIBIKTAPABI
OTKO3YIl, MYPVHKYV/ail esueM/e cypbMa oHAYPOoil Kajirad. A3bIPKbI
Keajle HHBECTOPJIOPAY Taall, MIIWH Kalipa >kKaH/IaH/AbIpa OamTasl.

XaligapxaH cebIMall KOMOMHATHI KaHbl TeXHOJIOTUSJIBIK IIPOIECCTEP-
M MeXaHHU3aIlMAJalIThIPhI, KOIITOIOH pallMOHAJIU3ATOPAYK CYHYIITAP-
6] KUPTU3YYy MeHeH OHJIYPYMAYYJIYKTY KOTopyJIaThlll, OMP TOI 39KOHOMH-
KaJIBIK UITMIMKKE JKeTHUIIKeH. Xal/apXaH cbIMall KOMOMHATHI HIITEIl
ypIraprad NPOAYKIIAS OM3AUH OJKOJI0H DalllKa Aa YeT MaMJeKeTTepre
»xubepniier. A3bIpKbl yuyp/a 0yi KOMOMHATTHIH ajI/IbIH/Ia 1arbl KOIITOI'OH
CYPOOJIOPAY Yeuyy HIINH VIOMTYPYY MIjeTTepu Typar. KepaMuka, Kbl
YBINapyy4y 3aBOAJIOPAO KYPYJIYHITA KOJAOHYJIYYYY KBIIITEIH ap KaHAau
TYpY JKacajlaT, aH/IaH ThIIIKapbl KaHAJIU3anusAAa KOJJOHYJIYYydy TYTYKTOD
nasipaaJar.

Yii THpAYWINTHHE/Ie HaiJalagbUIyydy OyioM/ap: TonypaKkTaH, (hasHe-
TaH, daphopAoH Kacajrad uauuITep BumkexTeru xaHa TOKMOKTOTY
allHeK 3aBOAJOpYH/A ublrapbliar. Chipbe KaTapbl aKHATall, coja KaHa
Taza KBapll KYMY KOJIIOHYJAaT. ATailblH MelllTe ChIpbeJIop OeJruiayy cas-
JIBIK ©JIUOM/IO KOLIYJIVII, apajJlaliThipblLiaT, MemTern reMneparypa 1500—
1600 Cre ueitnH xeTeT.

JKoropky Temneparypaza cojia, akiTrall, KyM MEHeH apaKeTTeHH-
meT. MellTe TOMOHKY/IOH peaKIlUA >KYPOT:

Na2003 + 8102 — NﬂleOS > COgT
CaCO3 + Si0y — CaSiOz + CO,1

[Tajiia 60JITOH HAaTpUi, KaJbIMM CHJIHMKATTAPhI AlIbIKYa AJIBIHI'aH
kpemunii (IV) okcuay MeHeH apuruier. OmeHTHII, OUp Heue 3aTThIH apa-
JallIMachlHAH Typrad Macca ajasiHaT. JlemMek, ailHeK OMp Hede 3aTThIH
apasalIMachlHaH Typrad Kyima 6osor. KaguMky Tepese anHerdHUH KY-
paMbl MbIHAAH hopmysia MeHeH TyioHTYJIaT: Nay,O - Ca0 - Si0, .

DpHUI TypraH alHeKTHH MaccachblHa ap KaHJau ) OpMaHBbI auHEeKTH

yilsioeuysiep Oepun, kKaajnarad (popMajarsl auHeK UAMIITED, OaHKa, IIUIIe
. 0. yKacayaT. JpHUreH Macca MyajaraHja KoloyJaHbII, aHaH daphll
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KaTBII KasarT. KaTkaHra 4YedMH KaHAail dopma Oepce, omoJ (opma
cakTaybin Kasar. Coayiaragja ap TYpAYY alHeK TadK4vajlap/bl, TYTYK-
TepAy ajca 60y0T. AHeKTeH allHeK JKHUIITep CO3YJIVII, aHAaH Ke3/eMe-
Jep ajblHAT. AHHEK KeaZieMeJjep/leH KBUIYVJIVK KaHa 3JIEKTP H30JI4-
TOpJIOp »KacaJjar.

AlHeKTH eHAYpYYAe chipbe KaTtapsl noraml (K,CO;) anbiaca, asaa oTKO
YBIIAMAVY aifHeK oHAYpY/IeT. MbIHAal ailHeKTeH JadopaTopuAa/ia KOJI/I0HY-
JAyy4y Kypasaap faspaaiar. AHsH Gopmyaacel: K,0-Ca0-6S10,.

Arepae ceipbe Karapbl noraul (K,CO;) kaHa KOProuyH (IT) okcum
(Pb0), kyM (Si0,) anbiHCca, aHAAH XPYyCTalb alfHEKTepH ajbIHAT. AJl
YKapBIKThI sKaKIIIbl YarbLIJBIPAT, OUNIOHAYKTAH aH/JaH IIpU3Ma JKaHa JIMH-
3ajiap gasipjaaiar.

TycTyy aiflHeKTH aJIyy YUYH ChIpbero ap KaHJau MeTaJJIlap/blH OK-
cuaaepu komysiat: xpoM (III) okcmam allHeKKe »KallblI OH Oeper, e3
(IT) oKcHAM alfHEKTH KOTYII-’KallblI oHre 60oeinr k. 0.

KypmenTy kaHa KaHTTarsl eMeHT 3aBOJIZIOPY ChIpbe KaTapbl aKH-
tTaml, Tonypak kaHa KpemMHuH (IV) oKcnanH nmaaaja”bimiar. ATanblH
IIeMEeHTTH OBIIIBIPYYYY MellTep/ie TOIYpaK MeHeH aKHUTall KaHa KpeM-
auit (IV) OKCHAMHMHE OPTOCYH/Ia ©Te TaTaall IIpolecc Kyper. Tomypak
’KaHa aKHUTAll sKOTOPKY TeMIlepaTypaja aKbIpal, Ccyy >KaHa KOMYPTeK
(IV) okcHAM peaKIMsIHBIH chepachblHaH OOJIYHYII YbITaT. HOHOKOIMIOTYIITOH
TYPA® MeIITe KOrOpKY TeMIlepaTypajia KaoJMHHUT KaHa aKHUTall aKbl-
paiT, ’KYProH peaKIUsHBIH TeH/IeMECHUH Ka3aJbl:

A1203 . 28102 ; 2H20 =) A1203 : 28102 T 2H2O
CaCO; —> CaO + CO,

AxKuTam askpIparagja naija 6oJros KaJbIIHH OKCUJAH MEeHeH KpeM-
auit (IV) oKCHAXM KOMIyJyIl, KaJbIUil CUJIMKATBIH Ialia KpuiaT. Peak-
NUSAHBIH HATBIMKAChIH1a aiijja 60yroH (cyy x)aHa keMmyprek (IV) okcu-
JIMHEeH OalIkachl) 3aTTap/blH alpbIM 06JIYKTOpY ObIIIbIPHLIAT. DBINIBI-
pBIJITAH 3aTTapAbl My3JaTKaH/JaH KMIMH ajapAbl 6T6 Maujajall TaJKa-
jgamraTt. Ap TYpAYY CHJIMKaTTap/laH TYpraH MacCaHbl KAaHYBII TaJIKaJa-
raHnaH KANUH eMeHT ajgblHAT. [lemeHTTEep KypaMblHa KapaTa ap KaH-
nam ©00JI0T.

Byl 3aBOJI/IOP/IOH ©H/AYPYJITrOH IleMeHT 0JIKe0Y3lYH MYKTaK/bII'bIH
KaMChI3 KbLJIBII, KaJraHbl Oalllka MaMieKkerTepre aa :xubepuier. Cuiep
GHITeHAell KYPYJIVII HIINHJIE IeMeHT KOIl KOJIJOHYIYII, 0ETOHAYH TYPY
naspuaigar. lllnak-6eToH0H, TeMUp-0€TOH/IOH 3aBOAJOPAYH, IIJIOTHHA-
JapAbIH Aybaigapsl sKacajblll, KOIYYJIYK KypyJylITap/a KoJJoHYyJIarT.

KbIprela 6JIKOCYHAO® YaJIrbIHAAIBII TaOBITaH KeHOAUJIBIKTAP/bI TO-
JIVK HIITeTYyre skeruinyy yayH Kambapara I'OCeun 1- sxaHa 2-KacKagja-

PBIH KYPVII, HIIIKe KAPIU3HII, 3JIEKTP 9HEePIrUAChIH KOII 6190M/10 OH/IYPYYTO
»KeTHIIYY 3apbLIL.
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drep/le 2JeKTP dHepruAchl KOl OHAYPYII YblrapbLica, Kymraiu paito-
HYH/arbl HeeJIMH KaHa CMeHUT ChIPbeJIODYHYH HerusuHjie AJIIOMAHHMN
YpIrapyydy KOMOMHATTHI KYPYII, AJIIOMHHUN KaHa KOIyM4a NPOAYKTY-
JIapAbl OHAYPYI YbIrapyy MeHeH 6JIKOHYH 9KOHOMHUKACBIH KOropyJaTyy
IapTTAPbIHBIH OUPH YeUMJIMeK. XUMHA KaHA TeXHOJOTHSJIBIK IIPOIecC-
TepJAWH >KaHBUIBIKTAPBIH HIITEN >XaTKaH @HAYPYIITOPAO naujlaJalyy
MeHeH OHJYPYIITY KaHbLJIATHIN ajJapAblH OHAYPYMAYYJIYKTOPYH XOTOPY-
JaTyyra KeTHUIIYY 3apblil.

XuMHS OHAYPYUIYH VIOIITYpyydy, Oamukapyydy KajpJjap Maceje-
CHH 4Yeuyy, OLIOJ OHAYDPYLITO® HINTOe4Y ap KeCHIITerd KyMylIdyJap/bl
Iasip/lo0 Te3 YedmJIyyre THHHIN OOJI'OH MacesesepAnH oupu. XUMHUSA
OH/IYPYILITOPYHYH OUpreselnil HIITee NIPHHIUITEepHH KeHHPH KAUBLITYY
Kepek.

KejeyekTe kKapa MeTaJUIyPrusgHbl OHYKTYPYYTI'® HHBECTOPJIOPAY Taall,
MeTuM TeMHUp KeHUH UIITeTYYre apakKeT Kacoo 3apbll. 10I0H KaHa aHbIH
KyiMajJapblH OHAYPYYI'® JKeTHIICeK, ©JKOHYH Ky0aTTyyiyry »Koropy-
JaMaK. DH3IMH ©JIKeAe KepruJIHKTYY KeHOaMJIBIKTap/blH HerusuHje
XUMHS OHOPKAUBIH OHYKTYPYY MYMKYHYYJYKTOPY KOropy, aJl KeJeHeK-
THUH HUIIH.

1. KyKYPT KMCIOTACbIH OHAYPYYHY 3aBOAA0P KaUCh CbipbEHY NanaanaHbiwar?

2. Kynaypyydy MeluTe KaHaaw peakuus Xypet? Peakums y4yyH ontumanayy
wapTTap Kaucoinap?

3. KOHTaKT annaparbiHblH MLUTOO NpUHLMOKU KaHaan?

4. Kannamn makcaTrapaa kapama-kaplubl arbiM npuHumnou KongoHynar?

5. Kykypt (V) okcuamH aHbiH (V1) okcuavHe OKMCTEHAWPYYAS OnTUMarnabik
lwapTTap Kaucoinap?

6. KykypT (VI) okcuauHeH cMHUpYy4y MyHapaaa kaH4a % KucnoTta anbiHaT?

7. A3bIpKbl XMMUS OHAYPYLLYHYH MNUMUA Heru3aepu Kaucbinap?

8, 60% nupuTTH KamTbiraH 16 T KeHAeH kaH4a Maccagars! KYKypT KUCNOTaChIH
eHaypyn anyyra 6onot?

9. 2,4 T nupuTTeH 98%Tyy KaH4ya TOHHA KYKYPT KACNOTacblH anyyra 6onot?

10. TomoHKy annaHyynapiblH CXemacbiH WL Xy3yHO allblpyy4y TeHAEeMEHW
%a3bin Teraerune, nanaa 6onrod 3aTrapra aHbikTama beprune:

a) FeS, —» SO, » SO, — H,SO, » Fe,(SO,),— Fe(OH), —» Fe,0, —» Fe
6) H,S -» SO, —» SO, —» H,SO, » Fe,(SO,);, » Fe,O, —» FeCl,

11. AMMMaKTbl OHAYPYYAe 3aB0AA0PA0 Kauchl annapatrap konaoHynar? Anap-
[blH Heru3runepvH anToin deprune.

12. 202 aMMOHWA XNOpuUaM alublkya anblHraHd Kanbuuv ryuapokcuan MeHeH
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apakeTTellKeHae aMMMUaKTbIH Yblirblllbl 98 % 60nco, KaH4a NUTp ammuak benyHyn
yblraT?

13. ToMOHKY annaHyyHy WLl Xy3yHO albipyy4y XUMUANbIK peakuuanapibit
TeHAeMeNepuH Xasbln, TeHaerune.

NO —» NO, ¥ HNOz; —» Fe(NO3);

NH4OH —» NH <'
N>

14. 1 T aMMUaKkTbl GHAYPYY Y4YH KaH4a Maccafarbl CyyTek XaHa a3or Kepek?

15. XapaTbinbiluTa KEHUPW TapanraH Kaucbl TeMUp KeHWUH 6unecuHep? [1om-
Ha MeLUMHUH TY3ynylly KaHAaw XaHa aHaa kaHaaw OKUCTEHYY-KanbibbliHa Kenyy
peakuusnapbl Xypet?

16. YotonnaH 60M0TTy anyyHyH KaHaai bikmanapbii Gunecurep?

17. MapTeH MeLWnHMH Ty3yNyLUYH XaHa uUITeo NpMHUMBUH MyHe3aeryne.

18. 696 T MarnHuTTYy Temupau Fe O, Tonyk kanbibblHa KenTupyy y4yH kaH4a
TOHHa KOMYPTEK KepekTeneTt?

19. XuMUSA OHAYPYLUYHYH UNUMUK Hernsaepu XumMusiHbiH KaucCbl Hernaru
TYLUYHYKTOPYHO TasHbiNar?

20. Too-KeH KoMBMHaTTapbl GHAYPYN Ybirapral NpoaykuusanapaaH bunrexdae-
pUHepAu atarbina.

21. buage MeTannyprusiHbiH Kaucbl TYPY OHYKKOH?

22 CUNUKaT eHepXawnbiHa Kancbinap TaaHablk?

23 BULKeK aHa TOKMOK aiHeK 3aBoaopy KaHaau npoaykuus uuiten Ybira-
paTt? Anap Kanaa KongoHynar.

24. LleMeHT eHaypYyy4y Kaucbl 3aBoAaopay 6unecuHep? Anap Kaucbl Cbipbe-
HyH HervavHae vwirewer?



§ 1. OKHCTeHYY-KaJbIObIHA KeJYY peaknusjiapbl KaHa
as1ap/bl TeHJI00HYH JJCKTPOH/IYK 0aJlaHC BIKMACHI

Herusru TYIyHYKTOp

BapablKk XUMHUSJIBIK peakusaIap/bl (aKbIpoo, CYPYII YbIr'apyy, OpyH
AJIMalyy, KOIIVJIYY) TOITONITYPYII HeTH3NHEH 9KHU TOIIKO 66s1yyre 60oT:

1. Peaknusra KaThbIIIKaH 3JIeMeHTTePAHH OKHCTEHYY AapaKallapsbl
©3repyycy3 >KYProH peaknusjaap.

9. Peaknusra KaThIIIKAH dJeMeHTTep/AnH OapAbITBIHBIH Ke OHp
GOJIYTYHYH OKMCTEHYY lapaskajiapbl 03repyy MeHeH KYprouaop. OKucTenyy
flapaskajiapbl ©3ropyy MeHeH »KYPI'eH IpolleccTepau OKHCTEeHYY-KaJIbIObIHA
kesnyy peaknusiapsl — OKKP gem aramar.

OKHCTeHYY-KaJbIObIHA KeJlYY peaKIMsapbl KapaTbUIbIIITA JKaHa
TeXHUKAaJa MaaHUJYY PoJIAy oMHOUT. [lem anyy, THPYY Oprasu3Mzie 3aT-
TapAbIH aJMallyycy, YApYy-a4yy IpomeccTepu, 6CYMAYKTYH 2KalllbLI 7KaJl-
6bIpaKTapblHAArsl POTOCHHTE3 KyOyJIylITapbl, OTYHAYH Kynyuly, MeTaJlJ-
AapAblH aT 0achIlIbl, KOIYYJYK MeTalJIyprusiblK IIPoIeccTep OKKP
MeHeH ThITbI3 0aMJIaHBIIITYY. Y IIYJ peakIUAJapAbIH KapAaMbl MEHEH
KHcJoTaslap, HeJo4Top, aMMHAAK, MeTaJlJIlap, KbIYKbLITEK, CYYTeK, ra-
JIOreHjlep aJbIHAT »KaHa raJbBaHMKAaJIbIK dJIeMeHTTep/le XUMHs 9HEepTrusi-
Chbl 3JIEKTP dHepruschblHa aujiaHar.

Kasmoe! alragga OKUCTeHYY-KaJIbIObIHA KeJlYY IIPOIleCCH 3JIEKTPOH-
IOPAVH aJIMalllyycy MeHeH JKYPOT:

Me® — ne = Me™ — KaJIbIObIHA KeJTHpPru4Tep, (e 6epresep)

N0+ ne” = D" — OKUCTEHAMPruy (e KoLyl ajJrasHjaap)

X UMHUAIBIK PeaKIIMAHBIH KYPYY IPOIleCCHHJIe dJIeKTPOHJOPYH 6ep-
reH aTOM ke MOH KaJIbIObIHA KeJTUPrudTep, aj 3MH 3JIeKTPOHIOPAY KO-
YO aJITaHAap — OKMCTEHAMPruYTep Aen aTajar. Bys kapaMa-Kapllbl
KM IIpollecc 6MpH OMpPHUHEH a’KbIparbIc JKaJlralllkaH, cededu ajlap/blH ap
6MpH 03 aJIbIHYA XUMUSIIBIK IIpOIeccTe HIIKe alllauT, 6. a. KaJbIObIHA
KeJITUpru4uTep 3JeKTPOHAOPYH OepHIl 63/16pY OKUCTEHUIIIET, ajl 9MHU OKHC-
TEHTHUTEep JeKTPOHIOPAY KOIIYI ajIblll KajlblObIlHA KeJXIIeT.

OKHCTeHYY-KaabIObIHA KeJlYy KyOyJIyIITapblH TAJI/I00HY HKEeHHIAeTYY
yUYH 2JIeMeHTTepAMH OKHCTeHYY Jlapa’kachl ke OKHCTeHAMPIrud CaH
YKOHYH/IOT'Y TYIIYHYKTOPAY NaijaylaHyy BIHralIyy.
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XUMUAABIK peaknusagapaa 60apablKk aToOMOPAYVH OKMCTEeHYY Japaka-
JapbIHBIH anrebpajblKk CYMMAaChIHbIH CAaKTAIYy 3pesKeCHH 3CKe ajIblll, arep-
Jle peakIMAHBIH HATHIMKACKIH/AA aTOMVH OKMCTCHYY /lapakachl JKOropy-
Jaca, ajJ OKMCTeHMII, aTOMJIVH OKMCTEHYY Jlapaskachl a3zauca — KaJblObIHA
KeJIMII 7KaTaT Jiell TYLIYHYY KepekK.

JJIeMeHTTHH OKHMCTeHYY JlapazKachblH aHBIKTO040 TOMOHKY KOHOKOU
apexkeJsiepre TasgsHabbI3:

1. AToM, MoJjIeKyJiajap/ia 3JIeMeHTTUH OKMCTeHYY AapasKkajlapbIHBIH
anrebpaabIKk cymmasapsl ap gasim Ore 6apabap:

Al°, Zn°, §° 0,°, CL?, (H,S0,)°

2. KpIUKBUITEeKTHH aTOMYHYH OKHCTeHYY fapakacel OF, bairka 6u-
puxMesepsie —2re 6apabap. As amu OF, +2re 6apabap:
% =2 2 -2 43 -2 +4 -2 5 -2 6 - s
Na,O» caO: Al,0,» CO,» N,O,> CrO Cl,O;
3. CyyTeKTHH OKHMCTeHYY Japazachkl KebyH4ye +1re bapabap 6oJor.

AJI MM aKTHBJIYY MeTaL1iap MeHeH 00JroH OMpUKMeJlephH/le CYYTeKTHH
OKMCTEeHYY Aaparkachkl —1re 6apabap:

¢ -2 ' - 2 - ¢ = S B
H,O, HCIl, CaH,, NaH, AlH,
4. Tyapapaarsl MeTajJaAapAblH OKUCTEHYY Aapakachl KACJIOTa KaJl-
ABITBIHBIH BaJeHTTYYJIYTY 00I0HYA aHbIKTAJIAT:

+2 -2 +3 -2 : - T, . 13 -

FeSO,, Fe, (SO,),» NaCl, CaCl,, AlCI,
5. drepjie 3aTTHIH MOJIEKVJIachl Y4 »Ke aHJ/laH KOl 3JIeMeHTTHUH aToM/I0-
pPYHAaH Typca, aH/la OPTOHKY 3JIEMEHTTHH OKHUCTEeHYY JlapakacblH TOMOHKYYO

AHBIKTANObBI3: OMpHKMeIer 3jleMeHTTepANH OKHUCTEeHYY JaparkajlapblHbIH
anrebpanbik cymmazaps! Ore 6apabap aen 6esirucusau TabadbI3:

‘. X -2 £ 40 =

K. Cr0. N H.NO,
2(+1)+2x+7(-2)=0 x+4(+1)+5+3(—2)=0
x=+6 X=—3

. o8 D B 9

KRG, N H.NO,

6. OprasuKanbIk aMec OUpHKMesIep/ie KOMYPTEKTHH OKHUCTEeHYY Ja-
paxkacel = +2, +4 (CO, CO,) bosico, opranMKaJIbIK OMpHUKMeIepHUH/e

aHbIH OKHMCTEHYY Aapazkacel = —4, —2, +1, +2, 0 :x. 6. Ooaym1y MyYMKYH:
el -

& . 4 RN L = -
CH,» CH,0. HCOOH. C,H,OH %.6.

JJICMCHTTEePAME OKMCTEHYY JapazkajlapblH 3celnTell YpIrapyy MeHeH
013 aHBIH MaaHMCH HOJrO, OH »KaHa Tepc MaaHHUTre 33 0oJIopyHa Kool
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GeprmInbOM3 Kepek. drepjie Ous HeHTpaJJIVy aToMJly Kapall KepcokK, anja
aJtapjiarsl oH 3apsAjajirad IpoTOHIOPAYH CaHbl MEHEH TEPC zapsaajasirasd
7IeKTPOHIOPAVH canjapsl 6apadap, AeMeK, aJlap/iblH anredpasibIK cyMMa-
;apbl Hos 60s10T. MosiekyJiajap/ia IapTTyy ajlbIHI'aH OH »KaHa Tepc MOH-
JOPAVH ajaredpasblk cyMMaJapbl a HOJIT'O bapabap aen acelnTejInHeT.

JIeMeHTTHH OH MaaHUerd OKHCTeHYY Jlapazkachl aHbIH IPOTOHAO-
PYHYH CaHbI 9JIEKTPOH/IYH CAHBIHAH KOII fosiyn KajJragjaa, 0. a. 3jeMeHT
3JIeKTPOHAOPYH Oepul kubdeprexje mamnaa 6ostor. OH 3apsAAAbIH CAHbI
3JIeMEeHT OepreH 2JIeKTPOHZAOPAYH CaHbIHA bapabdap.

TeckeprcHHYe, 9JI€KTPOHI0PAY KOUIYII aJiraH 3JIeMEHTTHH OKHCTEeHYY
jlapa’kachl Tepc MaaHHUre 33 60J0T. ByJ1 yuyp/fia 2JIeKTPOHJAYH CaHbI IIPO-
TOH/VH CaHbIHA KaparaH/a allblK 00IyII KajaT.

Y Kaawtbvirna keamupzuimepout anexmpondy bepun xubepyy npoyec-
cu OKUuCmenyy el arajgar.

Oxucrenyy: Me’ — ne = M™ ; g2 - 92e=S%; S2— 8¢ =S*°

Me’, S? — KanabIObIHA KeJITUPruuTep, ajl 3MH IIPonecc OKMUCTEeHYY
6osior. JleMek, OKMCTEeHYY Me3TriJIAH]le ap AafBIM 3JIEMEHTTHH OKUCTEHYY
Jqapakacsl 4OHOET, 6. a. —4 > 7.

OxucTeEAupruuTep (aTOM, MOJIEKYJ1a, HOH) PCaKIMAHBIH JKYPYIIYHIO
3JIeKTPOH/IOP/Y KOUIYII a1yy MeHeH, arep/ie HelTpaJyy aToM 60JICco Tepc
MOHTO, OH 3apsijilajiraH NoH 60JIcO, HEUTPAIAYY 2Ke 3apiAbl azaura” oH
MOHTO OTYII KeTHUIIeT /a, 03/10pY KajabIObIHA KeJINIIeT. 3apAaaapAblH CaHbI
KOIIIYII aJIbIHI'aH 3JIeKTPOHJOP/AYH CaHbIHA JKapallia 00JI0T.

. Oxucmendupzuwmui 31eKmpordopdy Kowyn aryy npoyeccu Ka-
noulbblia Keayy Aell arajar.

KaapIObIHA KeJIYY:
Gl S0—*28 352,  Me™—"°5 Me
KanpIOblHa KeIYY/10 OKUCTEeHYY JAapaachl TOMOHAOUT: + 71— —4

TunTyy KaasplOblHA KeJITHpruuTepre — MeTalijap, Tepe zapsabl 6ap
MOH/IOp, aJI 9MH THIITYY OKMCTEeHAMpPru4Tepre — rajoresziep, OH 3apAa-
nanraH uoHAop Kuper. Kas 6up aTroM/0p, HOH/I0p OKHUCTEHANPTHH KaHa
K ATBIOBIHA KeJTHPIAYTHH POJIyH aTkapbimar. Mucaisl,

2 g L, 28
S*2__4e , §°6— gaypIObIHA KEJITUPTHY; S 2—="5> Q" — oKHUCTEHAHUPruY

Cr3 % Cr*%— gaypiobma Kearuprad; Cr? 22, Cr’ — OKHCTeHAUPrAY

P°. S° CI° N° H°- oKHCTeHAHPrHYTHH KaHA KaJIbIObIHA KeJITHUPD-
I’MYTHH POJIVH aTKapa aJjblar.

OKHCTEeHYY KaJIbIObIHA KeJlYy PeaKIlMsAChl KaHa ara 0aMJIaHBIIITYY
9JIeKTP-XUMHUAJIBIK IIpolleccTepre KaHa OKKP TeH/I0oOHYH 3 IEKTPOHAVK
fajlaHC METOJVHA KBICKada TOKTOJIYI KeTYYHY TYypa TallTBIK.
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DICKTPOHIYK DaJaHc TY3YY MeTO1y

DJIEKTPOHAYK OajJlaHC MeTOXYHYH HEeTH3TH »K000Cy TOMOHKYHO Da-
ssaaasaTr: «KajaplObIHa KeJTHPrud 0epres 9JeKTPOHAYH KAl CYMMACh]
OKHCTeHAUPIAY KOIIYII ajraH 3JIeKTPoH/0pro 6apadap 6oymy Kepex».
Bepres (—) skaHa KomyIl (+) ajJrad 3JIEKTPOHJA0D Y4YYH 9H KHYHHE OPTOK
GOJIYHYYUYHY Taall, 3JIeKTPOH/IVK DajlaHC TY3YY/IOH KHMHH »KaJIlIbl peak-
[IMSHBI TeHA00 OHOM 60s10T. PeaKIIUsAHBI TEHJ00HY TOMOHKY HPETTYYIYKTO
YKYPI'Y3reH AypycC:

1. Peakmusira YeMMHKH ’KaHa aHJaH KHINH naijga 60Jarod OMpHK-
Mejiep/iern ap OHp 2/JeMeHTTHH OKHCTEHYY JapaKajlapblH JKOropyaa
KOPCOTYJINOH bIKMasap/bl NalaJIaHblll, TYYPa aHBIKTOO.

2. OKHCTeHYY JapakajapblH 63TOPTKOH 3JIeMEeHTTep/AH — KaJIbIObIHA
KeJTHPTHUTEPIH KaHA OKMCTeH/IMPTIHYTep/IH 03YHY0 TeHACMEHMH aJI/bl-
Ha Gesyn xasraggaH KuiuH O] anap/bl aHBIKTO0J0 TOMOHKY 9PEKEHH
maiiaianyy bIHrainyy. Mucaasr, 2Cu’ + 0,° = 20U 0%

a) (—) 6esrucH, 6. a. KAJIbIObIHA KeJITUPIHYTHA aHBIKTOO0/10, JIEMEHTTHH
peaKIMsijlaH KHIMHKHN OKHCTEHYY /lapaskachl KaH4ara 4YOHOMCO, OLIIOHYO
caH KorJiaT:

Cu’ - 2e = Cut*

6) (+), 6. a. OKHCTEHAUPIUYTH aHBIKTOOA0, 3JIEMEHTTHH peaKIusi/laH
KUHMHKHA OKMCTEHYY Aapaskachbl KaHJyara KH4Mpence OIIOHYO CaH KOMJIaT:

0° + 2e = 02

B) KaJbIObIHA KeJTUPru4 6epreH 3JIeKTPOHAOP OKUCTEHAUPIHY KO-
[IIVII aJITaH 3JeKTPOHAOPAYH cyMMasapel 6apabap bosynry Y4YH 9KH CaH-
IBIH 9H KMYHMHE OPTOK OOJIYHYYUYCYH Taal, dJIeKTPOHAYK OajiaHc TY360Ya3:

Cu®—2e =Cu* | 2 . 2 KaJpIObIHA KEeJTUPIU4

()0 4ier= 202 4 1 OKHCTEeHAHpray

Horopy/ia KOpcoTYJINOH apeskeiep TYYpa aTKapbUIraHAaH KMHMH raHa
’KaJIIbl peaKIMAHbI TeHAelInON3 Kepek.

DJIeKTPOHAVK DaJlaHCTAaH KMUMHKU KeJHI YbIKKAaH KOd(D@MUIMEHT-
TepAX peaknusAra 4eMWH KaHa KMUMKMH THeIIeJYY 9JeMeHTTHH acTblHa
KOOV KeTHIITYY 00JIOT:

2Cu + 0, = 2Cu0

OKKP TeHj100HYH UpeTH:

1. KaspIlObIHA KeJATUPryUd KaHa OKUCTEeHITUPIruY;
2. OKKP karsIiminaras MeTajjjgap;

3. Kucsiora KajaablIKTapsl;

4. JKannbl cCYyTeK;

5. BapablKk KBIYKBLITEK.
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§ 2. DIeKTP TOry sKaHA XMMHUAJBIK pPearnusaaapiabIi
ceoernTepu. JJIEKTP-XUMHUA

Inexmp-XuUMUSL XUMUATLBLK IHEPZUAHBLH JLeKmp IHEPZUACHLIA at-
NAHBLULBLIH HCAHA INLEKMP IHEePZUACHLHBLH XUMUALBLK cunme3doodo Kon-
JOHY YWY H OKYMYYy1y QU3UKANBLKE XUMUAHBLH bonyzy. dJIeKTP-XUMHUA-
HBIH TEOPUSIBIK HErM3UH OKACTEHYY-KaJIbIObIHA KeJlYY peakusjlapbl TY30T.

Bu3 MypAars! rjraBaja MeTajjjlap Heru3auHeH KaJIbIOBIHA KeJITUP-
ruydTep — 9JAeKTPOHJAOPYH Oepull KHOepyYro, ajl 3MH MeTaljl 9MECTEp
OKHMCTEHAUPIUUTep — 3JeKTPOHAO0PAY KOUIYII alyyra KOHAOMAYY Ael OeJI-
rujierl ©TKOHOY3. BHpoKk MeTasyilapAbl 2KaHa CYYyTeKTH 63apa CaJlbll-
ThIpCAK OUPH DKMHYMCHHE Kaparasja KajblOblHA KeJITHPrut, OKHHYHCH
OKHMCTEeHIUPIru4 60.;1'yn cagasiaT. HeruamHeH 2j1eKTP-XUMHUSAJIBIK IIpoIecc-
Tep cCyyTeK MeHeH Oupre MeTauIZlapAbIH OPTOCYH/ATBI OKKP nerususje
YKYpPOT.

DJIEK TP-XUMHUSIBIK IIPOIIECCTHH MaHbI3bIH TYINIYHYY MaKcaTbhIH/A CYY-
ra MaTbhIPbUITaH MeTaJlJl IIJIaCTUHKACBIHBIH YCTYHKY OeTHHEern apyy IIpo-
eccuHe KoHYJ 6ypanbl. Kanjgait raga MeTasl1 00;100CyH CYYHYH VIOIAYY
MOJIEKYJIaChIHBIH TAaCUPHUHEH 9PHII, 9pUTMere MeTaJI/IbIH I'HApaTTalll-
KaH MOHAOPY TYPYH/Z® ©T6 DAIITaMT.

AXTHUBYY MeTaJlajap Y4YyH:

Me + mH,O — ne” 2 [Me(H,O)m]™ — oKHCTeHYY

AKTHUBAYYJIYTY Hadap MeTajiap Y4YYH:

Me + mH, O + ne’ 2 [Me(H,O)m] " — xajabIObIHA KeJIYY

Bamrkaua alTKaHAa aKTHBAYY MeTaLJIABIH ChIPTKBI O0eTH rujpara-
NUSJIAHTaH HOHTO CaJBINITEIpMaNyYy (—), ajl 9MH aKTHUBAYY aMeC MeTaJll-
NapAbIKbl (+) 3apsigfanbin Kajgar. dlaanplChlHaH MeTaLIIapAbIH 3PYY
IIPOIeCCHH TOKTOTYY YuYH, Jle-1llarense NpUHIUOMHE bUIaUbIK, METAJLI-
Napibl 03 TY3YHYH 9PATMECHHE MaThIPBIIIBIObI3 KepeK.

O3 My3yHYyH IPUMMECUHE MAMbLPbLLZAK «METAJI — Ty3» CHCTe-
MAaChIH 2JICKTPOJL ke rajibBaHUKAJIBIK KapbIM 3JIEMEHT JICII aTalllar.

MeTay1 MeHeH DpUTMEeHWH YeKTellIKeH OeTHH/le KOII 3JIeKTP/IUK KaT-
map naiaa 6osor (7.1-cyper).

MeTaJIAbIH CHIPTKBI 0€TH MeHeH 9pUTMEeHUH OPTOCYH/Jarbl OH KaHa
Tepc 3apAAJap/blH albIpMachkl — 3JeKTPOUIVK ITOTeHIMA el aTajlaT, al
HepcTuH TeHjieMecH apKbLIyy TYIOHTYJIAT:

RT
O:Qﬂ‘f' EIHC, (7.1)

MBIHAA © — 3JIEeKTPOAAYK IIOTeHIIHaj, ¢’ — CTaHAAPTTBIK JJEKTPOAAYK
moTteHnmas, R —rasd TYpyKTyyayry, T — abCONMIOTTYK TeMIlepaTypa
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7.1-cypot. MeTannabiH CbipTKbl 6@ TUHAEr KOLL 3NeKTPUK KaTMap:
a) — aktuBayy metann; 6) — Hayap akTusayy metann.

‘K (T =273 + t C), F — ®apajeii caHbl, It — MeTaJJI HOHYHYH 3apsibl, C —
MeTaJLJl HOHVHYVH KoHIleHTpanusicel C = [ Me™].
drepie HaTypaJAbIK JorapudmaHsl (In) oEayK Jorapudmara (lg) a-
JIAHABIPBIT, TYPYKTYY YOHAVKTapAbl t = const ydypyH/la OpJlyHa KOMCOK,
agna HepHCTHH >KOHOKOIIOTYJIIOH TeHAeMeCH aJIbIHaT:
0,058

0 =0+ ———1gC (7.2)

DJIEKTPOJUIVK IMMOTeHIIHAJIABIH () — abCOMIOTTYK MaaHUCHH 61900 Kbl-
HBIH, aHBI CTAHAAPTTHIK 2JIEKTPOUIVK IMOTeHIIHA (0” apKBUIYY 3celTell Ybl-
rapyyra bIHramjayy. AJ Y9YH 9H OMpHMHYM MeTasUIJlap/IbIH CTAaHAapPTThIK
3JIEKTPOJIVK ITIOTEeHIIHaJIapblH TaXXpbI0a 7Kacall, aHbIKTAIl YbIIBIIIAT.

0"y +" AHBIKTOO YYYH KoHHNeHTpanusaapsl C =1 2-3ke/a 060iroH

SpUTMeJIepHHEe MaThIpbLITaH MeTaJLI 3JIeKTPOAY MEHEH CTaHJAapPTThIK CYYTeK
3JIeKTPOAVHYH OPTOCYHaAH raJlbBAHMKAJIBIK 3JIEMEHT Kacall, aHbIH 3JIEKTP
KBIMMBLIATKBIY KYYYH YeHellleT.

MeTaJUTIap/bIH CTAHJAPTTHIK AJIEKTPOUIVK ITOTEHIIHAIIAPBL O yie®/ye +7

t=25C, [Me™] =1 z9Kx6/n G0JroH y4yyp/la CTAHAAPTTHIK CYYTEKTHK 3JICK-
TPOJ MEHEeH TY3YJITOH I'aJIbBAHUKAJIBIK 9JIEMEHTTHUH 9JIEKTP KbIMMBbLJIJIAT-
KBI4 KYYYH YEeHOO apKbLIyy TYIWOHTYJIAT (7.2-cyper).

Kannail raga raJbBaHHKAJIBIK 3JieMeHT 00J100CYH aHBIH 3JIEKTP KbIU-
MBLIJIAaTKBIY KY4y £ TOMOHKY TeHJleMe apKbUIYY TYIOHTYJIAT:

(+) it (—)
E = (pMeane*" QME“/ME'" (7.3)

drepae [ Me ™] =1 moav/n, [H "] =1 moav/n Goico, anAaa
E = 0%(+) — 0°(-) 6osor. Bamkaya alfTKaH/la raJIbBAaHUKAJbIK 2JIEMEHT-
THH 3JIEKTP KBIMMBLIJIATKBIY KY4Yy MeTaJJI/lapAblH CTaHAAPTTHIK dJICK-
TPOAAYK IIOoTeHIHaJJAapblHa Oapabap 6oayn KajgaT. YIIYHAAN 9KCIIepH-
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7.2-cypoT. CTaHaapTTbIK 3NEeKTpoAAYyK NoTeHlnanabl aHbIKTo0Hy
ranbBaHuUKarblK 3f1IeMeHT.

0
MEeHTAJIAbIK bIKMa MeHeH aHBbBIKTaJII'daH QMEUKME*H o3apa caJblIIThIpCakK

Ke ajap/ibl MaaHUCHHE Kapalla TOMOHTOH KOTOPY Kapau sKkaurauiTbip-
cak, 6uare 6exrmiryy merayiaapasie (H.H. bexeros aHBIKTAraH) 3JIEKTP-
XUMHUSIBIK YbIHAJYY KaTapblH aaa0bI3.

§ 3. Meraaaaap/ablH JIEKTP-XUMHUAJIBIK YbIHATAYY

KaTapbl
< KanpiObIHA KeJTUPIrud
Me: Li, K, Na, Mg, Al, Zn, Fe, Pb(H) Cu, Ag, Pt, Au
0’, B -3,02, -2,71 -1,67 -0,76 0,0 +0,34 +1,50
OKHCTEeHUpruy >

MeTaJIapAbIH 3JeKTP-XUMHUAIBIK YbIHAJIYY KaTapbIHAH Oup He4de
HaThIMKa KeJIUII YbIrarT.

BUpMHYHM HATBIMAA: METAJLI/IBIH CTAaHAAPTTBIK IOTEHIINAIbI KaHHa-
JIBIK Tepc MaaHu e 60J1co, KajaraglapblHa CAIBIIITEIPMAYY, ajl OIIIOHHO-
JVK KaJblObIHA KeJTUPIruY O0yn caHalar.

AJIIBIHKBI KaTapAarskl MeTaJlJl 03YHOH KUMHHKHNJIePpHH OMpHKMeJIe-
pHHEH CYpYH YbIrapa ajar:

+2
Mg®+ ZnCl,= Mg™Cl, + Zn®
Mg’ — 2e —> Mg™ KaJIbIObIHA KeJITUPrud
Zn*2+ 2e- —— Zn° OKUCTEHAUPrud

Vi sKep/eH MeTaJIIap/AblH aKTHUB/AYYJIYT'Y MEHEH 3JIEKTD- XM M-
JBIK KaTapblH CAJbINITBHIPHII, ajap/arbl aublpMavYblIBIKTAPBIHA TOKTO-
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Jyi ereny. Myp/aa sKMHYH IiiaBaja OeJruJeHreHied MeTalJIlapAbIH aK-
THBAYYIYTY aJap/blH 2JIeKTPOHA0PAY OepHIl KubepyyY KOHAOM/IYYTYKTOPYHO
»Kapamra aHbpIKTanrad. Mearuyg 0ooHYa aKTHBAYYJIYK OMp 2JEeKTPOHAY
Gepyyre KOHAOMAYY MeTaJlIra, aiZad KHMMHKHACHY — 9KH, aHaH Y4 9JICKT-
poHAOPAY Oepyydy ajieMeHTTepre THeIIeayy 00JITOH:

Na <« Mg « Al

AJt 3Mu rpynna 600HYa aKTHUBAYYJIYK aTOMAYK paldyCTap/AblH HOHO-
JOLIVHA yKkapania 60JI0T Ael JajujjiereHous:

Cs « Pb « K <« Na « L1

ByJ KaTapra Ke3 »KYTYPTCOK JUTHI/IeH HaTpUH, aH/aH KaJu# aK-
THBAYY 60AMOK. AJI 5MH MeTaJIlapAbIH 3JIEKTP-XUMHUSJIBIK YBIHAIYY Ka-
TapblHAA JATHNA 3H KYUTYY KajblOblHA KEJTHPIUYTHH POJIYH aTKapar.
JleMek, MeTaJIlapAbIH aKTUBAYYJIYTYH, ajJlapAblH 2JIeKTP-XUMUSJIBIK Ka-
TapAarbl aKTUBAYYJIYTYHOH aubIpMajall aHAJIMU3/100 KepekK. MeTraningap-
ABIH 3JIEKTP-XMMHSIJIBIK aKTHUBAYYJIYK KaTapblH/a MeTaJlJIlap/bIH KaJjIaH
raga 9JeKTPOoHI0pAY Oepyy KOHAOMAYYIYKTOPY aMec, ajlap/AblH CTaHAapT-
THIK JIEKTPOAAVK HOTeHIMajllapblHBIH MaaHMIepH 3CKe aJIbIHAT.

DKMHYM HAaThIMZKA: CYYTEKKe YeMHHKH Tepc IMOTeHIIUaJIAYy MeTa Ll
Jlap CYYTeKKe CaJbIIIThIpMAaJyy KaJblObIHA KeJTHPrudTep. AJlapabIH
aktTusayyiaepy (Na,K) cyyTeKTHH HOHYHYH KOHIEHTPausChl 6TO TOMOH
CYVHYH KYpaMbIHaH CYYTEeKTH CYPYIl YbIr'apapblH KaKIIIbl omiedouns. AK-
THBAYYJIYKTOPY CAJBIIThIPMalyy HadapblpaaKTapbl KHUCJIOTAap/lal Cyy-
TEKTH CYpYIl 4YbIrapa ajblllar:

Zn° + 2H*Cl"= Zn*?Cl", + H,’
Zn®— 2e-——> Zn* KaJbIObIHA KeJTHPruy
2H? + 2¢ —> H,° OKHCTEeH/IUPIruy

YuyHYY HATBIMKA: CYYTeKTeH KUNMH KauramKkal MeTajlijiap cyy-
TeKTH OMPUKMe/IepUHEH CYPYH YbIrapa ajblIIIanT.

Cu + HCI

Cyyrekres kuiinHEKH Cu, Ag, Pt, Au merannzap KoHIleHTpaIlHsijia-
PBI KOrOPY a30T, KYKYPT KMCJIO0TaJTapbIH/a 3PUIT, OMPOK CYYTEKTH CYPYI
ypIrapa aJsimmoaiT. MbIHIa MeTaIap cCyyTeKKe aMec, MeTaJjljl 9MecTep-
re CaJbIIITEIPMAIYY KajabIObIHA KeJTHPIruuTep 00yl caHalar.

HerusmHeH KOHIEHTpPAIlMsCHl KOropy OOJIOH a30T KaHa KYKYPT
KHCJI0TAJaphl MEHEeH MeTajulZlap peaKIHsAJallKaHAa 94 KadaH CYyYyTeK
6OJIYHYI YBIKIANT, MeTaJIiap/AblH aKTUB/YYIYT'YHO Kapala MeTaJLI 9MeC-
Tep TePeHMPI3IK KaIbIObIHA KeJHUIIH MYMKYH:

+b
Pb’+ H, SO, = Pb?S0, + S0, + H,0
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Pbh?=12e ——5 Pbh?= | KaJIbIOBIHA KeJITUPruy
. p

S+ 20 —— S™| OKHCTEeH/IUPruY

6

4Mg®+ 5H, SO, = 4Mg™S0O, + H,S*+ 4H,0

Mg’ — 2¢- —— Mg™ | 4 KaJILIOBIHA KeJITHPrud
St 4+ 8¢ —— S?| 1 OKHCTEeHIUPIuY

DJIEKTPOAAVK IIOTeHIIHAJAbIH 6J1Y6MY KaHYaIbIK KUYHHE TepC CaH
60J1co, aJI DOJIYKUOHYH KaJIbIObIHA KeJTUPIUY aKTUBAYYJIYTY OIIOHYO #0-
ropy 6osior. Mucanra (pTop MeHeH CYYTeKTHH dJIeKTPOHY KOUIYII aJIbII,
Tepc MOH Iaia KbIraH/jarbl HOpMaJjAyy 3JIeKTPOAYK NOTEeHIIHAIAapPbIH
(E°) canpImITHIPBIO KOPOJIY:

F“2+ 200 ——> 2K Ee= +2.89 B
HC + 2e—— 2H Er= —2 23 B

2
Hemek, F, Mosexkyiachl KY4TYY OKHCTEHAUPIrut, ajl 9MH HY, — KyqaTYYy
KaJbIObIHA KeJTUPIrud.

§ 4. TaapbBaHUKAJBIK JJEeMEHTTep, aKKyMYJIATOPJIOPAYH
HUIITOO IPUHIIMOH

X UMUSAIBIK 9HepPrusgHbI 2JIEKTP 9HEePruschblHA auJaHABIPYY4Iy 9KH
3JIEKTPOJAJOH TYpraH CHUcTeMa rajJbBaHHKAaJBIK e 2JIeKTP-XUMHUAIBIK
3JIEMEHT Jlell aTajaT. JKH 3JIeKTPOAAY TYIOK YbIHJKbBIpra TyTallThIprasjia
ap OMpHHJe OH3 Koropy/ja Tajjarad XMMHSJIbIK peaKIuAjIap KYpPoOT Aa
aH/a 6OJYHIOH DHeprus 2JeKTp dHeprusicblHa aylaHaT. MbIH/IaH 9JI€KTD-
XUMHUASAIIBIK KapbIM 3JIeMEeHTTerd XUMHUAJIBIK peaKIIUAHbIH TOJYK TeH/e-
MeCH 9KH 2JEeKTPOJAA0ry peaKIHsap-
AbIH cyMMachlHaH Typar. ['albBaHUKa-
JIBIK 3JIEMEHTTe CBIPTKBI XaHa HYKH
YLIHKBIP 00510T. CHIPTKbBI YbIHIKBID JIEK-
TPOYIOPAY TYTALITHIPraH 3bIM 6TKOPIyY,
aJI MU WUYKH YBIHKBIP JIEKTPOJIUTTHH
spuTMecH. MucaJ KaTapblH/a 63 TY3/1a-
PHIHBIH 3PATMECHHEe MaThIPBUITaH JKe3
MeHeH IIMHKTEeH JlasgpAaJiraH rajbBaHH-
KaJIbIK 2JIEeMeHTTH Kapall KepeJy (7.3-
cypor).

Bup crakaHzia 63 TY3YHYH 9pHUTMe-
CHHe MaThIpbLIINaH IIMHK, 3KHHYHM CTa-

KaH/la 63 TY3YHYH 3pUTMeCHHe MaTbIPbLUI- 7 3-cyper. [laHuan-AkobuHuH ranb-
raH >Ke3 2JIeKTPOJIOPY KaUTallITBIPhLI- BaHMKasbIK 3IeMeHTUHUH CXeMachl.
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il

raH. KM 3pUTMe KA XJIOPH/IM MEeHeH TOJITYPYJIraH allHeK TYTYKYO apKbLIVY
TYTAIITHIPBLUITaH (MYKH YBIHKBIP). ChIPTKEI YBIHXKBIP TYTAIITHIPbLIAD 3aMarT
IIMHK ILIACTHHKACKHI 3pHUII, IMHK HoHJ0pPY (Zn'—Zn"*+2e) apuTMere oTor,
’Ke3 MOHJI0PY Ke3 ILUIacTHHKachIHa 6esyHyn (Cu*?+2e —Cu’) yere Hamrraiir.
[IMHEK->Ke3/ieH KypaJIraH rajJbBaHHKAJIBIK 3JICMEHTTH TOMOHKY cXeMa TYPYH/I0
»Ka3bIIIIAaT:

(—) Zn® |Zn*2 | |[KCl1| | Cu™? |Cu® (+)

Hirree npuHImMoOn:

a) IIHMHK TY3VHVH S3DHTMECHHE MAaTbIPDBUITAH 'aJlIbBAaHHKAJIBIK XXapbIM
JJIEMEHTTEI'H IIpollecC TOMOHKY peaKIINd MeHCeH TVIOHTVJIaT:

Zn"—2e —— Zn"? xe Zn"/ Zn*? noreEnuainsl namuga 60JI0T.

6) /KE3 TYSYHVH 9DHTMECHHEC MAaTbhIPDbUJII'aH I'aJlbBAHNKAJIBIK KapbIM
JJIEMECHTTEr'M IIpoIleCcC TOMOHKY PeaKIInd MEeHEeH KOpPCOTYJIOT.

Cu®+ 2e- —— Cu® »xe Cu*?/ Cu® aitynaHar.

B) raJIbBAHMKAJIBIK 3JIEMEHTTHH OPTOCYVH/Iarbl 3KH THK CHI3BIK ( ' | )
IIMHK MEHeH ’Ke3 KapbIM 3JIeMeHTTepHd OMpU-OMpPU MeHEeH 3JeKTPOJUTH
Oap allHeK TYTYK MeHeH TYTAalIThIpbLITaHBIH OasEaaiT. By peakmnus-
HBIH KYPYLIY MEHeH MYKH YbIHKbIp 00I0HYA »Ke3 CYJIb(haThIHbIH 3pATMe-
CHHEH IIMHKTH Kapa¥ cyJbhaTr HoHJA0p AUMdY3IusIaHBIIIAT Ja, MIAHKTHH
HOHJIOPY MEeHEeH IIMHK CYJIb(haThIHbIH 3pUTMECHH naijga Kpniar. ['anbBa-
HUKaJIbIK KapbIM 3JIeMeHTTep/ie >KYProH peaKIUsiyIap/AblH CYMMAaJIBIK TeH-
JleMeCH OPVH aJIMalllyy peaKIIUsCHI ChIAKTYY:

+2

+ 2
Zn° + CuSO, = Cu’ + ZnSO,

Peaknmsaa MUHEK KaJbIObIHA KEJITUPIUY, ajl 9MHU Ke3 OKUCTeHIUp-
I'MY POJIVH aTKapraHABITEI aWKbIH KOPYHYII TYpPAarT.
['apBaHMKAJBIK 3JIEMEeHTTHH 3JIEKTP KBIMMBLIZATKBIY Kydy DIK oH
’KaHa Tepc MoTeHNHaJJIap/iblH allbIpMachklHa Oapabap:

9KK = o — ¢ 6. a. KK = o =, 1

YCu?/ cu*?
AKKYMYJIATOPJIOP, ajJap/AblH UIITOO NPUHIMOH

'anpBaEuKaidbIKk 3a1eMeHTTepAnH JKKyH kebeiTyy yuyH anap-
ABIH OMp TOOYH yjaajall TYTalITHIPbLIN OaTapesjgapiAbl ajbllIar.
JJIEKTD TOT'Y CapOTajraH/laH KHMHMH KalipaZlaH TOK GepHII HIITel KeTyydy
Oarapesjiap aKKYMYJATOPJIOP JIell aTajar.

AKKYMYJISATOPpJOp. MHUcal KaTapbl KOProIyHAAaH »KacaJraH
AKKYMVJIATOPAVH MINITO6 NPUHIIMOMH Kapal KepeJy. AKKYMYJISATOP KOII
Maujia TeIIMKTepH 0ap 3K KOProllyH IIJIaCTHHKAChIHAH TypaT. AJl 9MHU
maiiaa remukrep PbO non »kacanras nacra meHeH Toatypyayo 30% Tyy
KYKYPT KHCJIOTAaChbIHbIH 3DUTMECHHe CaJbIHraH 00J0T. AKKYMYJISTOPAY
HIITEeTYY YYYH OMPMHYM MPEeTTe aHbI 3apAAAall ajJyy Kepek.
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AKKyMYJSTOPIAY 3apsay10o0. AKKYMYJISATOPAYH 00l KOJOHKAJIapbIHa
KYKYPT KHCJOTACBIHBIH 3PUTMECHH Kyirad Me3rusije, Te3 djie TOMOHKY
peaxIlud »KYpoT:

PbO + H, SO, = PbSO, + H,0

HaTslikana KOProlyH IJIacTUHKaapbl Ha4ap apyydy PbSO, mexHeH
KalITaJbII KajdaT. AHJaH KUANH IJIaCTHHKaJIap/Abl cTabuIn3aTop apKhbl-
JIYY TYPAKTYY TOKKO TYTaIITbHIPpadbI3.

KaToano KanblObIHA KeJIYY IpoIecCH KYPOT:

_| PbSO, + 2¢” = Pb’+ SO E°=-0,36 B
AHOIJIO OKUCTEHYY ITPOIleCCH KYPOT:
|+| PbSO,— 2e~+ 2H,0 = PbO, + 4H' + SO~ E°=+1,68 B

§ 5. DIEKTPOJIU3 KaHA AHBIH KOJIOHYIYILY

dapajaeu 3aKOHI0PY
® Oaexmpoaum apkuLIyy SAeKmp mocy omicondo aaexmpoddopdo
HCYPZOH OKUCMEHYY HAHA KaXblOblHa Keyy npoueccmepu IAEKTPOJIN3
lell arajaT. JJeKTPOJHU3AH dJIeKTPOJH3EPAYH ’KapJaMbl apKbLIYY
skypryayiuer (7.4-cyper).

3IeKTPOJMTTHH 9PUTMECHHE MaThIPUITaH 3JIEKTPO/IOPAY TOKTYH 0Y-
JIArbI MEHeH TYTALITHIPrafzia aH/Iarbl OH MOH/IOP KaTOATro, TepC HOHAOP AHO/IrO
SKBLIBIIIAT. AJIap 3JeKTPOATro KeTKeH/le 3apsA/JIapbIH KOroTyil, SpHATMe/leH
GOJIYHYIIIOT e 63apa apaKeTTeHUIIHII, SIeKTPOJIM3/HH SKUHYMUJIHNK — OKHC-

7 .4-cypoT. QneKTponu3ep Cxemach!.
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TeHYY-KaJIbIObIHA KeJIyy peaKIMsIapbIHbIH IIPOAYKTYJ/IaPhIH IIai/ia KbLIbIIIAT.
HernauHeH 2JeKTPOJIN3 3JIEKTPOJIMTTUH DAJKBII 3PUTeH/Iern e Cyy/1arsl
IPUTMECHH Iern IIpolleccTep/ieH KeCKMH albIpMaJlaHar.

3arTap/bIH DAJKBII IPUTeHIeTH 3JICKTPOJIN3N

ArasiraH nIpoleccke cyy Kolyabaras/IbIKTaH MeTaJIJapAbIH KaJIbl-
ObIHA KeJUIIHN aHBIH 3JIEKTP-XUMHAJIBIK YbIHAJIYY KaTapblHAArbl OPAYHA
Ke3kapaH/bl aMec. KaHail raHa 3J1eKTPOoJHUT 60JI00CYH KaTO/A/10 MeTaJLl-
nap KajabslObIHA KejeT. MUcaJlsl,

MgCl, 2 Mg™ + 2Cl
Kartoano /—/ <« Mg™2, Mg?+ 2e" = Mg’ — kaibpIObIHA KeJJH.
Anvomnmo / + / « 2Cl, 2Cl — 2e = Clzn— OKHUCTEeH/IH.

DKM peaKIIUsSHBIH TeHIeMeCHH KOIIYII )Ka3caK, aH/la dKBIMBIHTEIKTO0TY
TeHJAeMeHH ajiabbI3:

MgC12 3JIeKTPOJIK3 >Mg“ e Cl;zn

9xuHEYM MHUcas Karapsl: Na,SO, 2 2Na"+ SO %
Karonno / — / « 2Na*, 2Na® + 2e = 2Na’ — xajbIlObIHA KeJIH.
Anonno /+/ « SO%2, 2802 — 4e” = 280, + O, — oKHCTEeHAH.

KB bIETEIKTOOUY TeHaeMe 4Na® + 2S04 = 4Na'+ 2S0, + 0.° nmen
4 3 2
*Ka3bLIarT.

3arTap/iblH CyyAarbl 9PUTMeJICPUHUH 3JIeKTPOJIU3H

Bys yuypaa cyyHyH aucconuanusacelH H,O 2 H™+ OH™ acke anyy
3apbl. JJIEKTP TOT'YHYH TajlaachbIHJa KaTOAAY KO3J16H MeTaJlJIAbIH OH
noHzopy Me™ xxaHa cyyrektud H™ (H,0) mony, aroaro 60jico KncjoTa
kagasikTapsl, Taza OH (H,O) xprabrmar. DJIEKTPOATO KeTKeH Me3I'HJI-
1le, dJHEeprusAHbI a3 TaJIall KbIJIYy4y, KaTOAAYK »KaHa aHOJIVK IIpolieccTep
OMpPUHYH KYPOT.

Karoaayk npoueccrep. Katoaso 3j1eKTp-XUMHUAJIBIK CACTeMaHbIH
3JIEKTPOAAVK NOTeHIHaJAaphbl 3Koropy 00JITOH OKHCTEHI'eH (popMajiapbl
OMpuHYHM KajabplObIHA Keaumer. OMIoHAYKTaH 3JeKTPOJUTTEPANH Cyyaa-
I'bl 9PUTMEJIEPUHHUH 2JIEKTPOJIN3 Me3rJIMH/e aKTUBAYY MeTalJjjapra Ka-
paragja OMpMHYMA HpeTTe HeUTpaJIAyy KaHa I1eJouTyy 4eHpe/ie cCyyTeK
KaJIbIObIHA KeJleT:

2H,0 + 2¢- = H'+ 20H-  (2H'+2e=H))

AHOIAYK npoleccrep. AHOANO OUPUHYM UpeTTe dJIEKTPOJAAYK I10-
TeHI[HaJlapbl KHYHHE O0JITOH 3JIeKTP-XUMHUSJIBIK CHCTeMaHbIH KaJIbIObI-
Ha KeJreH (popMaiapbl oOKHCTeHeT. MbIHaH OallKa 3JIeKTPOoJIN3 IIpollec-
CHHJIe aHOJI OOJIVII JKacaJraH 3aTTap Jarbl OKMCTEHUII KeTepUH 3CKe aJl-
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ragpIObI3 3apblil. OUIOHAYKTAH aHOAAYK IIpOIlecCTepP/Aer 2JIEKTPOJIN3/IHU
aKTHB/YY aHOAAOTY ’KaHa MHEepPTTYY aHOAAOTY (rpaduT, nJIaTHHA) ACI
sKHUTe 6OJIYII OKYIraHbIObI3 BIHTAMIIYY.

Mdapajeit 3akouaopy. /. daexmpoaus Ke3unde anblHzam 3ammbli
Mmaccacol, cucmema apKblAyy emKoH IAeKmp mo2yHyt CaHblHa mys npo
NOPUUANAUL:

m= K@ (7.4)
Brepfxe 3JICKTP TOPYHVH CAHBIH KYJIOH apKbLIYY TYIOHTCAK Q = It,

agna m = KIt, K — 2IeKTp-XUMHUAJIbIK KO3 (DUIHUEHT, I — TOK KYy4Y, T —
yOaKBbIT.

2. Bupdeit ane candazol anekmp mozy, ap 6auwka areKxmpoiumimep:
OUH IpUMMECUHEH, O3YHYH XUMUSNDLK IK6USAREHMUHE MY3 NPONOpYUt-
naw 6020 maccadazol 3amMmbli CAHbLH 0021yn Ybtzapam.

IKWHYY 32KOHJAOH MBIHAAM JIereH HaThI2Ka KeJHII YbIrarT: 1 r-sks.
3aTThI 661y YbIrapslil Y4yH 9,67 - 107 K ay1eKTp TOry sKyMIlajar. Ornres-
THII, 3JIEKTP-XUMHSUIBIK TYPYKTYVJIYKTYH MaaHHCHH Taall ajyyra D0J10T.

3aTThIH 2JI€KTP-XUMHUSIIBIK 9KBUBAJIEHTH YKe TYPYKTYYIYTY A€l 3JICK-
Tpoau3 yuypyHAa 1 K 2jeKTp TOrYHYH TaacupH acThIH/AA 2JIeKTPOJIN3/IeH
GOJIYHYII YbIKKAH 3aTTHIH MaccachlH alTadbI3.

9.65-107 ———1 2-3Kke.
1 KyJj0H K
K = z-9kx6. : 9,65 - 107

AnpiEraE K MaaHWCHH TeHaeMmere Kololl, 06JIYHYII YbIKKaH 3aTThIH
vMaccachblH Tababbiz. m = 2-9k6 : 9,65 - 107- I - t xxe

m = %IT (7.5)
Ao 12-mucan: Heann ToayK GOIYI adbIlll YIYH 8 K2 Ke3 CyabgaTsl-
HBIH PPHUTMECH apKbLIyy, Kydy 9,65 A 00JroH TOKTY KaH4a y0aKbITKA
neiipe 0TKOpYY Kepek?
Yvtzapyy: a) 2 — 9K6.cysp, = 160: 2 = 80 2.
6) 160 2 64 2
8000 2 x 2, x= 3200 ¢

Bamkada aifTKaHIa 6OIYHYI YbITyy4y sKes3fuH Maccacsl = 3200 2 6o-
JIVII Kepek.

) mF =
B) M = Fh’ 1 =“.'_3T = (3200 - 9,65 - 10°) : (80 -9,65) = 4 - 108 c.
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§ 6. Koppoausi, aubig TYPJOpY AKaHa MaaHHCH

O Cupmrvt wouponyn maacupu acmuvinda memaaadan macarzan Oy-
womdapdvin dam Gacvin Oysyayuwy we Gawrxa sammapoivii 63 ardvinya
amcvipawst Kopposus aen atanat. Kopposzus npouecci OKMCTEHYY-Kalbl-
ObIHA KeJlyy peaklMAachkbIHBIH OUp TYPY.

Koppoana xuMuaablk (raszjgapaarsl) KaHa 3JICKTP-XUMHAJIBIK
(anexkTponuTrepaeru) 6osyn 60ayHeT. XUMUAIBIK KOPPO3UA JICI CHC-
TeMajia 3JeKTp Tory naija 60a160CTOH, CHIPTKLI YOHPOJIOTY ra3iapAblH
TaacMpH acThIHa MeTalJjapAbliH Oy3yyy npolleccuH TYmyHooys. I'as-
Jlap/iarsl MeTajaaAapiablH KOPPO3UACKH], KOIOPKY TeMIlepaTypaja MeTajll-
able GeTuuze cyyHYH Oyycy KOK Kesje KypoT. MblH/1ail KOppo3usra
MCIUTepArH apMaTypajapbl, MOTOPAYH HYKM GosyK4oesopy, ras Tpyou-
HaJapbIHbLIH KaJaKTapsl KHpeT.

XUMUAJNBIK KOPPOZUAHBIH HATLINKACBLIH/A MCTAJIIIap/IbIH OKCHJLLIC-
pu naiiaa 6oso0r. OmMOHAYKTAH MBIHAAM IAPTTa MINTETHJYYYY TETHKTEP
kobyHuye TeMneparypara Typykryy 6ojron kobajabsT, HUKeJb KyHMalaphl-
gad, 6eTy amloMIHNIL, XpoM MeHeH Kanrajarald 60J0TTOP/IOH AxKacajar.

©  DAeKTP-XMMHAJILIK KOPPO3HA. DACKMP-XUMUAILIK KOPpo3us den
INCKMPOAUMmMUH Youpecynde, cucmemada 3aexmp mozy nauda 6oayy
Menen memanndvin Oy3yaywy aTaaar.

Mumaait koppoausra HeiMAyy abaja Typrad MeTaJJJIbIH gaT dacel-
bl, cyyHY Oyyra altanasipyydy KasaHAapAblH, TAHKEPJep/IuH cyyra THii-
PeH KAITajaapsl dKaHa cyy TYTYKTOPYHYH Oy3yayiry KupeT. JIeKTp-XUMU -
NBIK KOPPO3MsA Me3rHJIMHAe MeTaUIap cyyra 9pHil, HOHAOPIro aKbIpaiT
e MeTAJJJIBIH ChIPTKLI OeTuHle cyyra sapuberes gaT ToOOToJIOT.

Kannail raga sjJeKTp-XMMHSJIBIK Kopposus 6osbocyH, anap cyyja
SPUI KYProH KbIYKBUITEKTHH, CYYTCKTHH HOHJIOPYHYH TaacHpPH acThbIH/Ia
dKypor. Byva yuypaa mMerannjap OKMCTEHeT, ajl 9MH KbIYKBLUITEK MEHEeH
CYVTEKTHH nouaopy 6osico kanuibbiHa KeJerT.

KuukpiaresTun xxana cyyresTu monyvuyn H' eyyaars: kaasibsina
KOJIMIIMN:

Heiltrpanayy *»)aHa KbINKbLUI 401 pojo:

2H* +2e=H], 0; +4H +4e=H0
[Ilenouryy woitpone: 0+ HO + 4e = 40H
Meranaasie, MEcaabl TeMupaAnH okHcrenmmn: Fe’ —2e = Fe™,

Fe'* + 20H = Fe(OH), , 4Fe(OH), + O, + 2H,0 = 4Fe(OH), -
TCMHUPANH AAThI.
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Mucasl KaTapbl OOJOTTYH DJIEKTP-XMUMHSAIBIK KOPPO3HUACHIH Kapan
KOpoJIy. BOJIOTTOH sKacajraH oyioMIapAblH 0eTH KaHYaJIbIK Terus DOJITOHY
MeHeH Oaapbl OMp OI10-bLIIBIN 7KepJiepu oostoT. OIIOHAYVKTAH OyJI 2Kep-
JIep/iIMH KbIUKBUITEK MeHeH OaiIaHbIIIbL ap TYPAYY OOJTOHAYVKTAaH, MeTaJLl-
[BIH Teru3 oMec OeTUH/e NoTeHIHaIlap/AbIH aitpIpMachl naiga 600t (7.9-

CYpoOT).

O, (O O,
, | 7 Fe(OH)s =+ | | aba
[TT " Fetory s, Lliow
FH++++ 2+ FHH++++
Kamoo Fe kamoo
aHoo

7.5-cypoT. TemMup Koppo3usCbiHbIH CXeMachl.

KBIUKBUITEK a3 0aiJIaHbIIIIKAaH MeTaJJIZIBIH YYHKYP O0eTH Tepc 3apHaka-
HaJbII KajaT Aa (—) aHo/IVH MIJIJIeTHH, aJI 9MH JIOHCO ’KepJiepyd KbIYKbLI-
Tek MeHeH JaiibiMa Kell 6aiuaHslTa 00JIroHAYKTaH, Kb[MKBUITCK MeTaJLI-
JIbIH HOHOPYVH 03YHO KOOYPOOK TapTKaH 6oJI0T, HaThIMKaza ajl beTTep OH
3apsIAIIBII (), KaTOAYH MIJIICTHH aTKAphIl KAJIbIIIAT. MpmH1aH apTTa
AHOJUIOH KaTOAAY KO30i 2JIeKTPOHJAOPAYH OTYIIY aAHOAAYK assHTYaHbIH
KOppo3usra Ayyuiap 001ynIyHa ajbll KeJIeT.

Karoano — O+ H,O + 4e = 40H
Anomno — 2Fe® — 4¢- = 2Fe*?

Harsrikana Fe'? + 20H = Fe(OH), naizaa 0oJsioT, aH/laH apbl Te-
vup AarsiHa ainaHat: 4Fe(OH), + 0.+ 2H 0= 4Fe(OH), .

Koppo3usHBIH bLIJaM/IbITbI MeTaJLIIarsl apajalivMaiap, aTMocoe-
pajiarbl 7KaHa dpUTMe/lery Ty3ap, KUCI0Tajlap . 0. OMpHUKMesIep Taacup
yrumrer. Mucaabl TY3AYY AeHusaepie, OKkeaHAapAa MeTalJIlap/pl T3 aT
GacaT. drepje MeTaJUI/IbIH KypaMbIH/IA aH/laH aKTABAYYJIYK YKOHJIOMY a3bI-
paak MeTasl 60JcO, MHCAJIBI, TEMUP MEHECH KE3 KaHJIaJIblll TYpPraHaa,
TeMHUpPAX Te3UpadK aaT 6acar. OIMOHAYKTAH JKep KBIPTHIIIBIHAATBI, CYY-
Japaarsl, arMocdepajiarsl, 9pUTMe/Iers KOppo3usiiapaad oosTypbail KOIYHYH
BIKMaJIapbIH MIITEIl YbITYY OTO 3apbLI MUJIAETTEPANH OHUpH.

Kopposusansl 60aTypbdai KOIOYHYH bIKMAIAPbI:

— XAMUSIBIK JKaKTaH TYPYKTYY MeTajlj1lap/ibl TAaH/00;

— MeTaJLJIZILIH OeTHH z1aT 6acyy/laH CaKToOqy 3aTTap MeHeH KallToo;

— Koppo3us 00ayy4y YoM pPOHY KBIYKBUITEKTEH apbUITYY (n1easpa-
IIHS1J100);
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— 3JIEKTP-XUMHUSJIBIK bIKMaJap/bl HalJaIaHbIIl, MeTajll OeTHH naT-

TaH cakToouy okcuaaep Al,O,, ZnO k. 0. MeHEH KalToo;
— marunburopaopay komyy NaNO,, K .Cr,0., K, CrO,, Na,PO,;
— MeXaHHKaJBIK bIKMa. Ap TYPAYY 60€K, jak . 6. gaT 6acTeIpbdoo-

gy 3aTTap MEHeH MeTaJljI/lap/iblH 0eTHH ChIP/100, KAITOO K. 0.

Koppoausiasl 60;1Typbail, MeTaIIapAbl aJI/IbIHAJIA 1aT pacyyjaH cak-
Tan KajJyy HIIMHHAH 6T YOH CONHAJIABIK-IKOHOMHKAJIBIK MAaaHUCH bap.
Cebebn Koppo3usiHbl 601Typbail KOOy MeHeH 0JIK0/10 013 MUJLITMOH/I0I0H
TOHHA MeTaJUIlap/Abl YHOMIeore »xeTumebus. Kopposusra gyyuiap 00J1-
roH MeTasUIAapAbl Kailipa HINTETYYre KeTKeH KollyMd4a YbhIIbIMAap/bl
YHOMJIOII, aHBI aj1aM OajIachbIHBIH COIIMA/IBIK a0asIbIH KaKIIBIPTYyTa AKyM-
100 Maugaayy.

? Cypoonop XaHa KoHyryynop

1. DneMeHTTUH OKUCTEHYY Alapa)kachl XXaHa aHbl aHbIKTOO.
4. dnekTpoHayk HanaHc Ty3yy blkManapbiHbiH HErM3rv LWapTTapbl Kaucbinap?
5. TeMeHky TeHaemenepau:

Cu+HNO,>Cu(NO,),+NO+H,0 Zn+H,S0O,— ZnSO,+H,S+H,0
aneKTpoHAYyK 6anaHc bIKMacblH KONAOHYN TeHaerune.

6. [anbBaHUKanblk 3NeMeHT XaHa aHblH UWwTee NpuHLUubuH antein beprune.

9. MeTtannaap/abiH KOPPO3USChl, KOPPO3USHLIH TYPNOpY XaHa Koppo3us Me-
HeH KaHTMN Kaplbl Kypelyyro 6onot?

10. BNeKTPonNu3 XaHa aHblH MaaHUCUH TylyHaypyn beprune.

14, MeTannaapablH 3NeKTP-XMMUSMbIK YblHanyy katapbliHbiH bawbiHaare! Li,
K meTannaapbiH kaHtun anyyra 6onot?



VIII znhasa

JJIEMEHTTEP/1HMIL XMMHWICbI
BOIOHYA BHUJIHM/IH CHCTEMAJIAIITBIPY &

§ 1. XUMHHAJIBIK NIeMEeHTTepP/JANH KApPpaTbUIBIIITA TAPKAJBIIIBI,
MEe3InJiJ/IMK cucTreMa/ilad aJiraH opay

JaparTelbllliTa XUMHUAJIBIK 3JI€eMEHTTepAUH TapKaJIbllIbl OUpen
aMec. AJlap/IbIH aupbIM/Iaphbl KapaThLIBIIITA 3pKUH abayiblH/a (KBIYKbLI-
TeK, a3oT, }cyxyp'r,'}icea, KYMYII, aJIThIH KaHa IJIaTHHA K. 0.) TapkaJca,
KOITYYJIYK XUMHUSJIBIK dJIeMeHTTep OUpUKMeIepAuH KypaMbIH/Ia Kep KbIp-
TBHIIIBIHAA KapMaJIblIl KYPYLIOT. Jep KbIPTHIIIbIHAA XUMHUSAJIBIK 9JIeMeHT-
Tep/IMH TapKaJIbIIIbIH, KapMaJbll KYPYIIYH OKYTa TYPraH UJIUM IeoXH-
MU S WINMH Jlen aTtajnar. [[eoXuMUA HJIMMHUEWH TYNTOJYIIYHO *KaHa OHYT'Y-
IIIYHO 63 caJIbIMJapblH KOIIKOH cOBeTTHK okymyumryyiaap B.U.Beprana-
ckuii MeHeH A.E.®PepcMaHABIH OMTeKTepHU 30P.

sKep KBIPTHIIBIHAA 9H KOII TApKaJIraH — KbIYKbUITEK 3JIeMeHTH. AJl
»Kep KBIPThIMIbIHAA (Maccachkl 6ooHYa) 49% rtapanbil KYPOT. JKHMHYHA
OPVHAY KPeMHHI 3JIeMEeHTH, »Kep KbIPThIIBIHAA 26% , YIYHUYCY aJTIOMH-
HUA 7%, Temup 9%, xKaabuuid 4%, ajl 3MHA HAaTPHUH, KaJUM, MarHum
3jIeMeHTTepHUHHUH ap O0upu 2% KapMmasbll >KYpoeT. OnmieHTUn 8 3j1eMeHT
>Kep KbIPTHIIIBIHBIH 97% uH Ty30T. Kajiran 60aap/blk 2JleMeHTTep a3 CaH-
na kapMmaJjasli, 3% Ke 4eHHH JKep KbIPThIIIbIHAA TapKajraH (8.1-cyper).

AnoMmuHug 7%

(1]
Kbiubintek 49%/ Temup 5%

Kansuun 4%
Hatpun 2%
Kanwn 2%
Maruum 2%

Cyytek 1%

KpemHumn

26% Kanranpapsbl 2%

8.1-cypoT. XUMUANbIK 9NeMeHTTepauH XapaTblibiliTa
TapkansllWbiHbIH AnarpaMmmacsi.
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X IMHSAIBIK 2JIEMEeHTTep Naijla KbUIPaH YKOHOKOHU 3aTTapJAblH KacHeT-
TepH 60IOHYA MeTaJLIIap »KaHa MeTalll aMecTep 60,1yIr 66JIYHOT. OH CHIPTKEI
AO kaHza¥ dJeKTPOH MeHeH TOJTYpyJraHABITBIHA Kapama S, p, d, [
3JIEMEHTTep Jlell IIapTTyy aTaJIbIIiar.

Ceimanral Oamka 6apAblK MeTauIgap KaJUMKH 1IIapTTa Kartyy, Me-
TAJIJIABIK »KAJTHIPAKTHIKKA 99, KBUIYYJYK KaHa 3JIEKTP TOI'YH KaKIIIbI
OTKOPYIIOT, CepPIHITAY, alipbIMapbl MOPT DOJIYIIIAT.

AJI 5MH MeTaJLI 9MecTep, MeTaJIIapAbIKbIHAal KacCHeTTepu KOpcoTo
aJIBIIINANT. AMDPBEIM MeTaJUl aMecTep ra3 abanbiHJaa (CYyTeK, KbI[UKBLITEK,
a3oT, XJop, hrop, reami k. 6.), cCyrokTapsl ga 6ap, aJg OpoM KaHa KaTyy
abaJIbIHAArbl MeTAJJI JMecTepre: HoA, KYKYpPT, ¢ocdop, Kemyp k. 0.
KupeT. Merajl aMecTep KbUIYYJIVKTY, 3JIeKTP TOI'YH Ha4ap 6TKOPYIIOT,
aMpbeIMJIapbl 6TKepryd amec. Karyy Meray amecTep MOPT, Te3 TaJIKaJa-
HBIII Manjga yaH4yara eTer.

JJIeMeHTTepAHH Me3rHJIJIUK CUCTeMachIHbIH TOMOHKY »KarblH/la 3KH
14 XMMHAIBIK 3JIeMeHTTep/leH Typrad KarapJjap 6epuired. AHbIH OMpPHH-
yHu KaTapsl Hepuiger Ce 6amranblin, JoTenud Lu 3JleMeHTH MeHeH asK-
TauT. ByJ a1eMeHTTep Me3TrIIUK TaOJIHUIaHbIH AJITBIHYBI MEe3THJIMH]Ie JIaH-
taH La MmeHeH radHuiAnHE Hf apanbIrblHAA sKalrauibll, BaJeHTTYYJIYTY,
KacHeTTepH JIaHTaHra okuoml. ByJ ajieMeHTTepAMH aTOMYHYH TY3YJIY-
HIYHJerY 3JIeKTPOHAVK JIeHI'd33/T4eJIepUHIH TOJITYPYJIVIIYHA sKapalia f-aJjie-
MeHTTep ke celipeK KeaJelIyydy aJileMeHTTep Jell aTanar. JHapaTsuibimTa
JJaHTaH, IepHy >KaHa HeOoJUM JKep KBIPThIMIBIHJAA (Maccachkl DOlOHYA)
0,001% xapmaJbIl KYpeT. Me3armIgAnK CUCTeMaHbIH KeTHHYHN Me3T HJIHH-
1le OPVH aJIraH aKTHHHHK Ac »kaHa pesepdopauil Rf ajileMeHTTepUHNH OPTO-
cyHAArsl 14 XUMHUSIIBIK f-3JIeMeHTTeH Typrad Katapjia Topuil T'n, mpoTax-
THHAYA Pa >xaHa ypaH U Keazaemer. Kajnragjapsl kacajma bIKMaJlap Me-
HeH aJIbIHaT. s-ajieMeHTTepre I skaga Il rpynnasbslH HEr'H3ru NOArpyIIachl-
HaH (KBI3bLI), aJI 9MH d-3J1eMeHTTepH (KOeK) ap OUp rpynIaHbIH KOLIyMYa
IIOArPYIIAachlHAH OPYH JbIIIKAaH. P-3JIeMeHTTep Me3THJIIHK CHcTeMa/jla cap-
I'bI4Y TYC MEHEH 03Ire4Y6JIOHYII KOPCOTYJII'OH.

§ 2. Meraasa smecrep, ajgapablH (PU3NKA-XUMHUAJBIK
KAaCHeTTepPH, AJBIHBINIBI JKAaHA KOJIOHYJIYILY

JJIeMeHTTepANH Me3THJIJIUK CHCTeMachlH/la MeTaJlJl 9MecTep p-dJie-
MEHTTEep/JMH apacblHaH OepHJIJINIJIeH acTaTKa YeMMH AMaroHajb »KYpPIry3-
eHJ6 aHBIH OH JKarblHJA kauramrat. Merajjggapra cajJblIIThIpraH/ja
MeTaJlJl 3MecTep a3 caHjia.

MeTtaJs aMmecTep ap KaHJai arperaTTheIK abasjga 6osrymar. I'a3 aba-
JIBIHAArblJIap — CYYTEeK, KBIYKBLJITEK, a30T, XJIOP, (hTOp »KaHa achl)I ras-
nap. Cyok TYpYHAOrycyHe 6poM, ajJ aMHM KaTyy abaJjjjarsl MeTaJlJl aMec-
Tepre ¢ochop, KYKYPT, M10JI, KOMYPTEK, KpeMHHUH K. 0. TaaH/IbIK.
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MeTaJlJl SMeCTepANH OHY, JKBIThI JKaHa Cyy/Ja IpUratuTuru, KBLIYY-
VK, 9JeKTP OTKOPrYITYTY (Hayap OTKOpeT Xe OTKO3001T), OAJIKBIN
3pYY, CAJBIIITHIPMa MaccaJlapsl ap Gamrka. Mucasnsl, GTop, XJ0p, OpoM
sxaHa HOI HakTa MeTrasJ sMecTep. KajMMKH mIapTTa GTOPAYH OHY
aUBIK KAIUbLI, XJIOp caprbld >XallbLI. BpoM KbI3bLJI KYPOH TYCTOTY
CYIOKTYK, MOA MeTaIABIK JKaJITBIPAKTBIKKA 33 DOJITOH KaTyy 3arT.
Bysap rajoresjep jel atajlaT (Ty3 maiia KpU1yydyJap), papAbIK raJo-
reggep KecKHMH JKBITTYY KaHa OPraHH3MIE (U3NOJOTUAIBIK Tepc
raacup atumer. Cyyaa spuruuTura ap TYpAyy. dTOopAYVH cyyaarbl 3puT-
MeCH aJIbIHOaMT. AJ aKTHBAYY OOJITOHAYKTAH CYYy MEHEH apakKeTTelInI
corer. 20°Cre 6up KoieMm cyyra 2,3 keieMm xiyop dpuiT. Caprard-
KalOIbLI TYCTOrY XJIOp CYYCYH Iaijla KbLIarT. Bup sauTp cyyra 3,9 2
6poM SPHUNT, IPUTMEHUH 6HY KbI3BLI-KYPOH TycTe 0oxym, OpoM cyycy
pen atasar. Moa cyyra Kaparasja HallKka OpraHUKaJbIK 9PATKHYITED-
Jle JKaKIIbl 3PUUT (crIUpT, OH30I, 6eH3WH k. 0.). 'ajorexiepIuH MOJIe-
KyJiaJapbl YIOJICY3 KOBAJEHTTHK GaliIaHbIIITAH nalijga 60JroEAVKTaH
MoJIeKyJajlapbl VIOJICY3 ke a3 YIOJIAYY HOJITOH OPraHUKAJBIK 9PUTKHY-
Tep/ie YKaKIIbl 9PUHUT.

KYKYpT THIITYY MeTaJlJI 3MecC capbl TYCTOrY KaTyy 3aT. BaJKBbII 3pYY
remmeparypacsl 113°C, KaifHOO TeMIlepaTypachl 444,6°C. Cyya apuOenT,
OopraHMKaJIbIK dpUATKHYTEp/Je (cnupT, O@H30JI KaHa acup/e) a3 IPHUT.
THIPBIBABITEI p = 2,07 2/cm’, KBUIYYJIYKTY JKaHA IJIEKTP TOI'YH Ha4dap
oTKe30T. KYKYpTTYH OMp KaH4Ya aJUIOTPONHAJIBIK TYP e3repryurepy dap,
LICBITKAH/ZA ajap Oupu OMpuHe 6TYII TyparT.

AzoT ra3 abajblHAAa OHCY3, KBITCBI3 DOJIOT. Ipyy TemuepaTypachl
~209,86°C, xailHOO TeMIlepaTypachl -195,8°C. Karyy abajbIHla KpHC-
TAJUIIBIK Topdocy MoJieKytanbik. Cyy/a Hadap 3PHMUT.

Me3riIAuK cucTeMajia CoJlIoH OHAY Kapail MeTaJLl 9MecTep/iuH aTOM-
JOpYHVH 3apsififlapbl YOHOIOII, pafinyCcTaphbl a3ast. OmoHAYKTAH MeTaJll-
fapra caJIbIIThIPraga MeTajll 9MecTep At CBIPTKbI 3HepreTUKaJIbIK A€H-
r'93JI7IeTH 2JIeKTPOHAOPAY TapTyy KYdY 4OH. AfpbIKYa S9KMHYH KaHa YIYHTY
Mearmile JKairalrKkas MeTaJlJl 9MeCTepANH OKHACTEH/IUPTHH KacHeTTepH
YKOTOpY.

MeraJi aMecTepARH OKHCTeHANPrud KacueTTepy TOMOHKY TapTUIITE
KOTOPYJIaUT:

Si, B, H, P, C, S, Is N, OL, O, K,

F

MeTasl aMeCcTepANH HYHHEeH KY4TYY OKMCTEeHAHPIriad dhTOp, OLIOH-
IYKTaH MeTaJjI/lap KaHa CYyTeK @TOp MEHEH KY4TYY apakKeTTeHHIIeT:

9Na’ + Fy — 2Na ' F~
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Hartpuit @Topao KaAUMKH TeMIlepaTypajia ke »KapbIKThIH TaaCHPHH-
1e KYHeT. YIIYJ peakIUs ChIAKTYY KaJIMH, KOPIrolIyH KaHa TeMHUp Aarsl
YKapBIKTHIH TAaCHPH MeHEeH KaJUMKHU TeMIlepaTypajia KyHyll, ajJapAbIH (To-
pHIepHH ITaiia KelaaT. Peaknus yaypyHaa Top CyyTeKTHH aTOM/IOPYH
TapThII ajaT. PTop XUMHSAIBIK PeaKIUa YUypyH/a 63 3JIEKTPOHYH Dalnka
XHMHUSIIBIK 3JIeMeHTTepre 6epbeiiT. @Top HAaKTa MeTaJlJl 3Mec.

KbdKkbUITeK HaKTa MeTaJlJl aMec. AJl XUMHUAJBIK peakIusd y4ypyHa
©3 3JIeKTPOHYVH (TOp 3J1eMeHTHHe raHa 0eper. BbyJs yuyp/ia Kb[YKBLITEK OH
OKHMCTEeHYY ZlapakachlH Kepcerymy bikThiMal (OF,), MbIHAQ aJ1 KaJabIObI-
Ha KeJITHpruy 0oJio ajar.

Kanras 6apAblK MeTaJlJl 3MecTep KaJblObIHA KeJTHPIrud KacHueTTep-
re 33 boaymar. Bys KacueT TOMOHKY 3JIeMEHTTEPJAHH KaTapblHJA KbIY-
KBLJITEeKTEeH KPeMHMHHU KO3/161 KOIOpyJIauT.

Q5 (G, :Newrd 508, 1C; Py H, B, ‘Si
<

KrpaKbUITEeKKe KaHallla »KaralrkKaH XJ10p KbIUKbUITEK MeHeH TY3/10H-
TY3 KOIIyJja ajn6aiT. XJIOpAVH KbIYKBUITEKTHK OMpUKMeJepH KBIMBIP TYPAO
aJIbIHAT:

el 0N 02 Ne 02 [C10

By 6upuKMesiepHH/e XJIOP OH OKHCTeHYY lapazKachlH KOpPCOTOT.
A30T ©Te KOrOpKy TeMIlepaTypaja KbIYKbUJITEK MeHeH apaKeTTeHH-
IIUII, KaJbIOBIHA KEeJTHPIrud KacHeTTH KOpCOTOT:

NQ + 09 — 2000, oN+2-2

A30TKO caJbIIIThIPraH/ia KbIUYKbLITEK KYKYPT MeHeH Te3 apaKeTTe-
HUILIeT:

0 +4 -2
S’ +0, -» S0,
By KenTupHiIreH peakmsaaa KYKYPT KaJbIObIHA KeJITUPIUY KacHueTKe
33 60JIVII KBIUYKbUITEKKEe 03 3JIEKTPOHYH 0epHuIl, KbIYKbUITeKTH KaJbIObIHA
KeJITUPAH.
KyYKYypT Tepc 3JIeKTpPJYYJYr'yY ©3YHYKYHOH TOMOH 3JIEeMEHTTHH 3JIeK-

TPOHVH TApThINl ajblll, OKHUCTEHJAUPIrUY KacHeTKe Ja 33 O6oso anar. A
TOMOHKY peakKlUsiflaH ODaMKkaJar:

Ho o SO T S =2

KBMYPTBK KBIYKBIJITEK ME€HEH apaKeTTeHHIIIKeH/ e KaJIbIDObIHA KeJl-
THPI'UY KaCHeTTH KOpCOToO aJiaT:

GRS ICF 40 5
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Bya yuypza xjop VII BaJeHTTYY JKaHA +7 OKMCTeHYY AaparKacbhblH
kopcoTe ajar. JKoropy jkakTa KOpCOTYIl KeTKEH XJOPAYH BaJE€HT-
TYYJIYKTOpY KaHa OKHCTeHYY JapakajlapblHa TYypa KeJIreH OUpHUKMeJIepH
TOMOHKYJIOD:

+3

HClO, — XJIOPUT KHUCJIOTACHI, AHBIH TY3/1aphl KClO, xiopurrep,

+5

HClQ, — xjlopaT KHCJIOTACHI, aHbIH TY3/aphbl XJ10paTTap,

-

T

HCIO, — XJ10p KHCJIOTAChl, AHBIH TY3/1apbl nepxJioparTap Jielnn arajar.

AUT 5MHE TaJIoreH/iep cyyTek MeHeH apakerTeHuInun HI' — rasoresayy
CYYTeKTH, MeTaJlJIlap MeHeH KOIYJIYIl Mel® — Tya3aap/abl naijia KbUJIT'AH
TeHJeMeJepUH 63YHOp aiipbIM rajioreHjiep YUYH jKa3plll, 3aTTap/bl aTall
KOMUTIyJa.

dropnoH Hamka rajoresiepAuH KbIYKbUITEKTYY OMpUKMeJIepHH/Ie
KaJILIOBIHA KeJTHPrud KacueTTepUH KOpCcoTo ajblllar. Mucansl, KaJuu
XJIOPATHIHBIH aXKbIPOO PEAKIIUACHIHBIH 3JIEKTPOHAVK bastaHC TeHJAeMeCHH
»Kas3aJibl:

+5 -2

0
2KClO ; — 2KC1~ + 30,

2 4 G121 66 — @5 — KaJIbIObIHA KeJaH

3 6 20°% —4e- —> 03 — OKHCTEeHIH

§ 3. ApsIM MeTaJJl IMeCcTepANH AJbIHbIIIbI
KaHa KOJJTOHYJAYILY

®drop kaHA XJOPAY ajJap/blH ’KapaTbLIBIIITA KEeHHPH TapKaJraH
GUpHUKMeJIepUH 3JIeKTPOJIU3/100 bIKMachl MEHEH OHAYPYI aJbIlar. DTop-
nyy 6upukme KHF, 6ankpin opUres SpUTHHAUCH pacKbId MeHeH MOHJI0pPro
aXKbIpPaMT:
KHF, — KF + HF
2HF 2 2H'+2F

KaToa10, TOK OyJIarbIHBIH Tepc YIOJIYH/A2 (—) CYYTeK HOHAOPY KaJbl-
ObIHA KeJieT:

2H* + 2e—> Hg
AHoazno GTopua HOHY OKHCTEHEeT:
= 0
o NI e
HKoropkyaai ajie HaTpHUH XJIOPHUAUHHH 0aJIKBIN DPHUI'€H 3pUTHHIH-
CHH 3JIEKTPOJIU3EUT:

NaCl 2 Na*+Cl
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3?‘-?01@ 1s22s22p®3s?3p°3d”

3d’
1 3p |
s T R
e

DKOOHYH TeH CBHIPTKBI JIEKTPOHAYK JEHIddJIIepuH/e bupnex (2p),
(3p) >kaJKbI 3JIeKTpoHAopY 6ap. Bys asap/iblH OKIIOWITYK KaCHETTEpHH
MYHO3/100I'0 MYMKYHAYK OepeT. AlibIpMackl (pTOp aTOMYH/IA oomr d aHepre-
THKAJIBIK JIeHr33J19ecH KOoK. AHJau OOJIOHJA0 aHBIH 3JIEKTPOHAOPYH
IYYJIYKKOH abajra KeJTHpYY MYMKYH aMec. OIIOHAYKTaH ¢hrop 6Up XUMHUA-
NBIK 6alUTaHBINTEI Daiaa KeWIbI, OUp (1) BaeHTTYy, KYICY3 3JI€KTPOH-
r'o CHIPTTAH Aarbl 6Up 3JIeKTPOH/AY KOIIYII &JIBII, TYTOMIOIYY MyMKYHIYIYTY
6OJITOHAVKTAH —1 OKHCTEeHYY JapaXachblH KOPCOTO aJjiaT.

AJT oMU XJIOpAOH GamrTam, 6amka rajoresgepaus 3d, 4d, 5d 6om
aTOMAVK opbuTranjapbl OOJIOHAYKTaH, KBAHT 9HEPIrUsACHIHBIH TaaCupH
MeHEeH 3JIeKTPOH/I0PAY AYYJIYKKOH abalblHa OTKO3YY 9HEPreTHKAJIBbIK HKaK-
TaH bIHPANIYY;

Cl+? 1
3d

32| Al N
17Cl1...| T

7KoropKy yayp/a XJOPAYH Y4 KYIICY3 3JeKTPOHAOPY DOJTOHAYKTAH
II] BaJIeHTTYY, OKMCTEHYY CaHbl + 3 DOJIOT.

(0 [ 3!

3p’ t |1
e Ve B i I
(€ s R

CxeMaja KYICY3 2JeKTPOHYHYH caHbI Oelll, aj 0ell XUMHAJIBIK
GaityTaHBIII Maiiga Keaa ajgart. [lemek V BaJIeHTTYY 7KaHa +9 OKHUCTEHYY
caHbIH KOpPCOTO aJiarT.

Cl+1

3d’
3p° T T T
S T [
A0 ma | L
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Tok OyaarslHbIH Tepc YIoay (—) KaToAAO HATpPUH MOHY KaJIbIObIHA
KeJleT:

0
Na*+ e —— Na
AHOJI0 TOK OYJIaTBIHBIH OH yIoay (+) XJIOpH/] HOHY OKHCTCHET, Cl:
MOHY ©3YHYH alllbIK4a 3JIeKTPOHYH aHOATO GepuIl, KajdbIObIHA KeJyYy IIPo-

[[eCCH JKYPOT:
2Cl-— 2 —Cl,
JlabopaTopHAAa XJOPAY KYYTYY OKHCTEHAUPTHYTEpre KOHIEHTpA-
[MSUIAHTAH TY3 KACJIOTACHIH TaaCcHUp 3THUII aJIbIIIaT:

9KMn*70, + 16H'Cl~ — 2Mn*2Cl, + 2KCl + 5Cl3 + 8H,0

7

2 |[Mn™' +5e > Mn™?| xanbI6BIHA KeJIaH

5| 2C1" -2 — Cly | oxmcrenan

BpoM Ty3Ayy KeJAep/AeH KaHa JeH’u3 CYyCYHaH aJbIHaT. AHNpBIM
yyypjapja KapaTbUIbIITarbl Ty3apAaH OpoMy aJIbIIIAaT.

Moany AeHu3 GajabIpblHAH, JeHH3 KallyCTaChIHBIH KYJIYHOH KaHa
6ypryJIOO/IOH ajIblHIaH cyyJjaapAaH OeJ1yIl ajblliar.

MeTaJ1 9MecTepAuH KOJIOHYJIYIITAaPhbI

CyIoK (h)TOp paKeTaJ bIK KYHYYdy 3aTTap/lbl OKUCTEHAUPYY MaKCATBIH/AA
KoJA0HYJIaT. PTOpAY KOI eI9eM/16 (HTOPOPraHUKajbIK 3aTTap/Abl aJIyyaa
namgajgaHbllIar.

XJI0pAYY CYYTeKTH anyyAa (Ty3 KHCJIOTAChIH), Ke3AeMe, Karas/ibl
arapTyyja, #dyydy CYYHY 3bISHCBI3JJaHABIPYYAQ, XJIOp aKUTAIIbIH OH/Y-
pYYZi®, aiibLI YapOa 3bIAHKeYTepHHe Kaplibl KYPOIyYydy yyJaIyy 3aTTapibl
@HAYPYYA® XJIOp KoJiloHyJiaT. XJIODAYH 9H HETH3I'd OMpHUKMeCcH alll Ty3y
NaCl, Tamak-alI OpoAYKTYCYH Oy3yayyAaH CaKTO0A0, TY3A00/0 KOJIJ0-
HyJIaT ’KaHa aHJaH XJIOp 6HAYPYJIOT. Harpuii THAPOKCHAMH >KaHA Ha-
TpHUil KapOOHATHIH OHAYPYYA® KaHATMa Ty3 KOJIIOHYJIAT. AJiap caMbIH
OHAYPYYAS kaHa 60eo HIINH/e KOJI/JOHYJIAT.

BpoMm skaHa aHBIH OHpHKMeJIepH Kaaul 6poMuAMA, HATPUI OPOMHUIH
MeIHuIIMHA[Aa, CYPOT TapTyy/Aa KoJIJIOHYJIaT.

NoaayvH 5% TYy CHIMPTTErH 3pUTMeCH Aasp/Aaliblll, ajl MeAHIHHaAa
naiiganagsuiaT. Moaays OUpUKMeCcH KaJIuid HOAMAY aHAJIUTHKAJIBIK X1
MU, MeIHIIMHA1a KoajgoHyaaT. Kymym Hoauau Agl ¢poromaTepual-
AapAbl AaApA00/10 KOJIOHYJIAT.

asoreH/iep/INH KbIYKbUITEKTYY OMpUKMeJlepy: THIIOXJIOPHUT, XJI0pat
’KaHa IepXJjopaTTap IaXTajlaH, 3bITbIP/IaH JKacajlral Ke3/leMeHH, Karas-
IBI arapTyy/ja KoJIZIOHyJaT. ArapTyy Ipoleccu TOMOHKY/IOH peaKIUAHbIH

HeTUu3uH]le KYPOT:
KClO + H,0 +CO, — KHCO, + HClO, HCIO —HCI + «O»
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Xiop axkuramsl CaOCl, fe3snHEKIUAIO0N0 naiiganaspuiar. Kaaun
xsopatsl KClO, mupeHke 4birapyyza, 1epxjiopaTrap — IMpOTeXHAKAAA
KOJIJIOHYJIaT.

§ 4. Cyyrek — KapaTblIbIIITA TAPAJbIIIbI, AJbIHBIIIBI,
KacHeTTepH ’KaHa KOJJIOHYJIYIy

CyyTeKk aTOMYHYH TY3YJIYIIIY 9H KOHOKOH, ajl OUp dJIeKTPOHAYY aTOM.
ATOM SIZIpOCY 3JEKTPOHAYK OYJIYyT MEHeH KalTaJbIIl TyparT. CyyTek aToMy-
HVH 3JIEKTPOHAVK TY3YJIYIIY:

1S
H () 18 [

DJIeKTPOHAVK OYyJIyTYHYH (opMacs! 11ap ¢opMachIHAa 00JIOT. Cyyrek
IapTKa »Kapallla MeTaJUIap ChIAKTYY 3JIeKTPOHYH DeJIyll Yblrapar, alpbIM
yuypJap/ja MeTaJlJI 9MecTep ChIAKTYY 3JIEKTPOH/Y KOLIYII ajarT. Mucaisi,

HY + cl19=2H'Cl- 2Na’+Hj =2Na'H"

7Kep KBIPTHIIIBIH/IA KBIUKBUITEK 3JIeMeHTH 6achIMAYY OOJTOH/IOH dJ1e
AajaMa CYYTeK 3JeMeHTH 0achIMAYYJIYK KbLiaT. OIMIOHAYKTaH CYYTEK
AayiaMabIH 3JieMeHTH zen ga aramar. CyyTeK KOCMOCTYK aTOMAVK OTYH
kaTapbl KYH 'KaHa »KbU1IbI3/1ap/bIH 9HePrUsAChIHBIH OyIarsl. slapaThUIbIIITa
CYVTeK KeHHPH TapaJjiraH, ajl cyyja, 0apJbIK OpraHUKaJbIK OUpUKMeJIep-
IUH KypaMblHJ/la, 9PKUH TYPYH/® K33 OHMp KapaTbLIbILI Ia3/lapbl MEHEH
KkeaJlerTeT. YKep KbIPTHIIIBHBIH MaccachHbH 0,15% , ruapocdepanbH 1% uH
Ty30T. KYH MaccachbIHbIH KapbIMbl CYYTE€KTeH TyparT.

7KapaThUIBIIITA CYYTeK 9KH u3oTon-npornit 1 H (99,98% ) sxaHa feil-

Tepui %D (0,02%) Typyuaae KezzgemeT. CyyTeKTHH PaJIMOAKTUBAYY YUYHYIY

H30TO0Y 31T TPUTHHA O0OJIOT.

JlabopaTopusjia CYyTeKTH MeTaJLJIlapAblH aKTHBAYYJIYK KaTapblHAA
CYVTeKKe YeHMH TYpraH MeTaulfap CYIJITYJIraH Ty3 KaHa KYKYPT KHC-
JoTajapbl MEHEH apaKeTTellYY/10H aJIbIIIIaT:

Zn + HySO, = ZnSO, + Hy T
Mg + 2HCl = MgCl, + Hy T

OHIYPYUITO CYYTEKTHH aJIbIHBIIIbI

AJI yayH ap3aH ChIpbeHY IIai/lajJIaHblll KbI3aPThHII bICBITHIITaH KOMYPI'o
cyy 6YYCVH Taacup 3TYYAOH Ccyy ra3bl Jlell aTajiraH ra3iap/ibIH apaJjaima-
chbl aJIbIHAT. 1laiiia 60JIroH ra3fap/blH apajalIMacblHa KaTajJlnu3aTopJIop-
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ay kateimTeIpsin, 560°C TeMneparypajia bIchITKaEAa KeMyp 1l oxcuam
(razgapAbIH apajlallIMachIHBIH KYpaMbIHIArsl) cyy 0yycy MeHeH apaKeTTe-
gsumun, kemyprek (IV) okcuau sxaHa cyyTek mauza 60Jor:

CO+H,0 2 CO, +H, 1

[azmapAblH apaJjalIMacblHAH CYYTEeKTH 066yl anyy »KeHuJ 00JIoT.
MBEBIHZaH THINIKApPhl KOII 6JJY6M/I6 Ta3da CYYTeKTH OHAYPYY CYVHY 3JIEeKTp
TOrVHVH XapJaMbl MEHEeH 3JIEKTpPoJu3AeoAeH anslnar. CyyHYH 2JIeKTp
OTKOPIYUTYIYH JKOropyJaTyy Y4yH ara HaTpuil rugpokcuainH NaOH, KykypT
kucsrorackH H, SO, xxana Harpmii cysibgpars Na, SO, . 6. 27eKTpoIuTTep/u
kKomymar. MeiEAa KaToazno cyyrek nony H'+e  — H°, H*+H"—> H,T ka-
JIBIOBIHA KeJieT. AJl 9MH aHOAZ0 OKHUCTEHYY IIPOIeCCH KYPOT:

40H™ = de~ — 2H50 + 0y 1

I'mApoKCHI HOHY OKHCTEHHII, CYY »KaHa KBIYKBUITEK OOJIYHYII YbI-
rat. 1300°C remneparypaza Hukesb N1 KaTaJM3aTOPYHYH KaThIIIIYYCYH-
na merad CH, cyy merer H, O apakeTTeHHIIIeT.

O
CH, + 2H,0 USRRAT- GG, S AH) ]

350°C Enkenb N1 MeHeH TeMHpANH Fe KaTplIyycyH/1a MeTaH a>KbIpauT.
CH,—C + 2H, T

CyyTekTHH KacuerTepmu

CyyrTek »keHns rasz. Abagas 14,4 sce KeHUJ, TYCCY3, »KBITCHI3, CYYV-
na Havap apuirT. TemMeHKY 6acbkiM acTeiHAa —252,8°C CYIOKTYKKa OTOT.
CyyTeK XHMHSJIBIK KaKTaH aKTABAYY, @aHbIH aKTUBAYYJIYT'Y TeMIlepaTypa-
HbIH TaaCHUpPH MeHeH koropyJsaiTt. Kemuyayk 6upukmesepjae (+), aupsIM
yuypaa MeTaJUljlap MeHeH apaKeTTeHUIIKeH/le (—) OKUCTeHYY JapaKacblH
KopcoeToT. blIchITKaH/1a KONYyJIYK MeTaJlJl dMecTep: XJop, OpoM, KbIY-
KBbUITEK ’KaHa KYKYPT MeHeH apakeTTeHHUIeT. AJl 3MH (hTop MeHeH 00JIMo
TeMIlepaTypachlH/la 3JIe KapbUIyy MeHeH peaKIUsjaniar:

Hy-tE, =2HF: =~ HJ +8% = H, S™

CyyTek MeTajlJl 3MeCcTepAMH KOIYYJYI'Y MeHeH apakKeTTelIKeHJe
TOMOHKY/OM THUIITern bupukMmesnepau naiaa kpwiar: RH,, RH,, RH,, RH.
CyyTeK KBIYKBUITEKTe KYUIOH/I0 KOIl caHAarbl »KbUIYYJIVK O6JIYHYII UbIrar.

2H, + 0, = 2H,0 + 572 x/l{x
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KU KOJIOM CYYTeK OMp K6JI6M KbIUKbUITEKTHH apaJjialrMachl KaTyy
>KapbIJIYYHY Naija KbUIBII KOLIYJIAT. ByJs raspapAblH apajalrMachbl
«KYPKYPOK ras» Jiell aTajar.

CyyTeKTHH KaJbIObIHA KeJITHPrad KaCueTH MeTaJJIapAbl aJlapAblH
OKCH/UlIepHHEH KaJIbIObIHA KeJITHPYYIO paitkajar:

t7 {?

Ccu*?20 +H) — cu® + H50, w0, + 3H) - w? + 3H;0

CyyTek I[eJIOUTYY 2KaHa IIeJI04TYy Kep MeTasIlapbl MeHEeH aKTUBAYY
apaKeTTeHHIIeT, Oy y4ypAa CYyTeK OKHMCTeHAUpPrudTep poJIyH aTKapar.

9Na? + HY > 2Na'H ; Ga® + H) — Ca*4H3

CyyTeKTHH MeTajljljlap MeHeH naiina 60JIroH rHApH/IepH THAPOJIHS-
re ydypaliar:

NaH + H, O = NaOH +Ho T

A3BIPKBI YUypAa KOII4YJIYK XHMHAAIIBIK sJIeMeHTTepAnH r'uIpuaiepu
gexrmayy. Ty3yaylry kaHa KacueTTepH 6oroHYA THAPHA/epInd TOPT TOIIKO
0OJIYIIIOT:

1. Vuma ras TypyHaery ruaipuaiep — NH,, CH,

2. Ty3 CBHIAKTYY I'MAPUAJAED — NaH, CaH,, KH, AlH, x.0

3. ITonumepayy ruapuzagep — (BeH,) (AlH,),

A MeTaJUIra OKIIOII THAPHAAep TYPYKTYY KypaMmra 33 60JIOOMT.

MeTaJiapja CyyTeK 3pHIl JKYProH KaTyy spuTMesiep (MHCaJbI, TajjIa-
AHiile CYYTeK pHUII KYPOT) TYPYH/O posyuar.

CyyTeKTHH KOJJIOHYJIYIIY

CyyTeKTHH KOJAOHYJIYIIY aHBIH KacueTTepuHe 0AMJIAHBIIITYY 0o-
sor. CyyTek »KeHHJ raas ONTOHAVKTAH, ajJl adpocTaT KaHa aupuaxabiI-
nepau (reinyi MeHeH apaJIallITHIPBII) TOJATYPYYAQ konpoHyaar. CyyTeKTH
’KOTOPKY TeMIlepaTypaHbl ajIyyia naiinasagpiar. KeIMKBUITEK-CYYTEK
sxaIBIHBl MeTaJIap/bl IUPeTYYAe, KecyYYao konnoHyaar. CyyTek Me-
TaJUIAapAbl OKCHAIepHHEH Ta3apTyy/Aa KaHa MeTasJIfap/bl ajapAblH OK-
CH/IIepHH KaablObIHA KeJTHPHIL, 6HAYPYH ajgyyaa XuMuda oHOp KaUbIHAA
aMMUAKTHI OHAYPYYAS, CYIOK Mai/bl KaTyy Mamnra auJagAbIpyyia KoJao-

gysaT. CyyTeKTHH H30TONTOPY neATepuu %D ’KaHa TPUTHHU 31T —aTOM-

VK 3HepreTukaja (TepMospoiayK KYHiyydy) YOH MaaHHTe 39. CyyTeKTHH
M30TOIITOPVHAH AJBIHTAaH 00D CYY D,0 sApoJIyK peaKkTOpJIOpAO «HEeUTPOH-
JOPAY KaWaaTyydy» KaTapbl KOJIAOHYJIAT. BupHKMefler CYYTeKTH (3Ke-
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HHJI CYYVTEKTH) TPUTHHU 31T MEeHeH aJIMallIThIPhII «DeJIrMJIeHTeH » Ipela-

paTTap XMMHUAIBIK MIMMHAN H3MJ1/106 HUIINH/E XKaHA MeJIUIMHA/Aa KOJIJ10-
gyaar. KeledyeKkTe 3KOJOTHSAIBIK Tasa OTYH KaTaphl IMan/aJlaHbLIbIIIb]

BIKTbhIMAaJI.

§ 5. Meraaijiap — KapaTblibIIITA AJap/AbIH TAPKAJBIIIbI,
AJBIHBIINIBI, (PU3HKA-XUMHUAJBIK KaCHEeTTepH KaHa
KOJTOHYJYULY

Busaue spara 4eMHH 3je MeTalyIJlap/ibl XUMHUSJIBIK IIPOIecCTepAnH
HermauHe 6OV aJbIIIKaHbl 6earuiyy 6oaros. Baieipksl Erunerre 6u-
PHHYH KOJAOHYJIIaH MeTaJUIlap aJThIH JXKaHa ke3 DOJIToHY OeJIrmiyy.
KuiinH4Yepa3K KOProllyH, KajJad, KYMYII ’KaHa TeMHUP/JH NpaKTHKaJa
KeHUPH KOJJOHYIIKaH. KenTereH »KeLiap/bl KaMThIlaH, ap KaHJal op-
HaMeHTTep/JH NaiJalaHyy MeHeH ajThIH, KYMYI, »Ke3, KOJIOJIOH JKacaJ-
ras 6yioMaap, JKacajarajgap 6aibIpKbl MeTaJJIypriapAblH Yebep KoJyHaH
YKapaJITaH JlereH MaajJbIMaTTap 6mare 6ejaruiyy. AJIXUMHUKTEpPJAUH achlI
MeTaJUIapAbl (aJITHIH, KYMYII 7K. 6.) U3/lelIy, Dalrka MeTayIAap/ibl achbLI
MeTaJIJIIapra aiJIaHAbIpYY KOHYH/Iery HIITepH 6Mp »KaKTyy 00Jico 1a XH-
MHsIa KOl haKThUIapAbl TONTOAY. AHA a3bIpKbI ydypAa 115 XUMHUAJIBIK
3JIeMeHT besIrmityy 6osco, aHBIH 85TeH ambirsl MeTayiaap. llaprryy Typae
MeTaJIlapAbl aKTHBJYY, »KeHHUJI, 6TMO »KaHa 00p MeTasljIjap /lell TOIITOPro
Gexymer. MeTa/uIlapAblH KOIIUYJYK KacHeTTepu OKIIOII OOJroHAYI'yHa
KapabacTaH, ajJap >KOHYH/I® KYPaMbIH, TY3YJYIIYH, KacHeTTepHH . 0.
KaMTBITaH aHbIKTaMa OepHle dJIeK.

Bup ceiManTaH (KagAUMKH IIapTTa ChIMall CYIOK) DamIKacel KaTyy
MeTasIlap, MeTAJUIABIK 7KaJThIpaKThIKKAa 33, KBUIYYJIYK KaHA 3JIEKTP
TOI'VH ’KaKIIbl eTKepymeTr. KenuyjJlyk OMpuKMeJlepANH KypaMblH/AA OH
3apANAYY HOH TYPYHA® O60Ji0oT. Ajtap CepIMIrad KaHa Co3yJIry4 KacHer-
Tepre 33 3KeHAUIH 600HYa MaaJbIMaTbhIHap 0ap.

Merayigap Herm3uHeH Kapa (TeMHp, MapraHell, XpoM) ’KaHa TYCTYY
gen Geayrer. Tycryy Merasiaaap oop (IIMHK, ’XKe3, KOProlIyH, ChIMan),
'KeHW T (Kasauil, HaTpui, MarHui, aJIOMHUHHUN), celpeK KeaJemnyydy (JIu-
TR, pyOuauit, ne3nit, 6epuwiLInit, MoaubeH, BoJbhpaM, IUPKOHUM, rad-
HU, BaHAWI, HHOOMI1), celipeK Ke3/elIyydy >kep MeTaJjapbl (CKaH/I1H,
ATTPHAM, JIAHTAH, JIAHTAHOMJJep), achll MeTajigap (ajaThlH, KYMYII,
JaTHHA, pajuil, pyTeHHU, oCMUI), paJHOaKTUBAYY MeTajjajaap (paaui,
TOpPHH, YpaH, aKTHHHUH ’KaHa aKTHHOHUJ/lep) Jlell noJrpynnajsapra 6esayHeor.

MetaJiiap THITBI3BITEIHBIH 6J196MY O0I0HYA 3KHM TONKO D6JYHOT:
TBHITBI3ABITEL O 2/cM® JaH KMUYHHE OOJITOHJAOpP »KeHUJI MeTajjjap, ajap
JUTHH, HATPUH, KAJIUMA, MAarHUi, KaJbIUH, [e3uil, aJIOMUHUHN, Gapuii.
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THITBIZABITEL D 2/cM® AaH YOH 0OJITOHAOP 00p MeTaLIAap, ajlap: IMHK,
’Kke3, TeMHp, Kajall, KOpromyH, KYMYII, aJTbIH K. 0.

MeTraifapAblH OH KeHHUJIH JUTHH Ll, THITBI3ABIIEI 0,534 z/cm?,
a1 oMH dH oopy ocMuit Os 22,5 z/cm®.

DJIeKTp TOTYH 9H ’KAKIIBI OTKOPryd MeTalIap KYMYII, »Ke3, aJ-
TBIH, AJIIOMHHUIL K. 6., HaYap 6TKOPry4Teép KOprouyH, chIMall, cypbMa.
TeMmepaTypaHbl KOropyJIaTKaH/a MeTaJlJIZIap/IbIH 3JIEKTP OTKOPIYUTYYIYTY
a3aiibII, TeMIIepaTypaHbl TOMOHAOTKOH/10, TECKEPUCHHTE, YKOTOPYJIAUT.
MeTaJLnaapAblH GU3UKAJIBIK KaHa XUMHAAIBIK KacUeTTepHUHJIerd Kallbl-
JIBIKTHIH cebelTepH ajap/blH aTOMAOPYHYH TY3YJIYHIYH/OIY skaHa KpHC-
TaJUIIBIK TOPYOJIOPYHAATHI KAl OKIIOMITYTY MEHEH TYIIYHAYPYJIOT.
MeTa/IiapAblHE KPACTAJJIIBIK TOPYOJIOPYHYH TYUYHAOPYHAO MeTaJJI/IbIH
OH MOHIOPY KalTralIKaH, aj 9MH ajJapJblH OPTOCYH/ATR] OomITYKTapjaa
3JIeKTPOH/IOP 9PKHWH KBIMMbLIZAAIL KYPYIIOT. Bormr aieKTpoHA0p DeJIruniayy
6Up MOHJOPro TAaH/ABIK 60I00TOHIYKTAaH KUUNHE 9Jie [IOTeHINAJIAapAbIH
abIpMaYbLIbIIbIHBIH TaaCMPUHEH aj1ap penruiyy oup 6arsITTa FbLIBII
3JIeKTp TOTYH Iaijia KbLiaT. by Kacuer MeTaJlJIAap/AblH 3JeKTPAX HaK-
[IBI O©TKOPIYYTYTYH IIapPTTAHUT.

MeTasuigap KaTyyJiyry 6ooH4Ya Oupu 6upuHeH abfaH abIpMajaHar.
CpiMall KaJAUMKH [IAapTTa CYIOK adajjga 00JI0T. AJI MM HaTpH, KaJuH
sKaHA MHIME MeTaJUIlaphl ajlap/iblH dKYMIIAKThIIbIHAH ObIYAK MEHEeH OHOU

5JIe KecwIeT. DH KaTyy MeTaJlJl XpoM, ajiMa3 ChIAKTYY aHbI MeHeH aHeK
Kecce fa 00JIOT.

MeTrauigap 0aJKblII 3pHUIIN D0I0OHYA OHOM 7XKaHa KbINBIH/IbIK MEHEH
spyyuysep Gosyn 6eayser. OHou 3pYYIYJIOp: Ne3nUINH 3pYY TeMIepaTry-
pacsl +28,5°C, raJuInHAuKH +29,7°C, KaIbIUAAUKH 63,6°C, HaTpUUAH-
ku +97,8°C, kanaiapiksl +231,9°C, KOpromyHAYKY +324,3°C, an aMu
KBINBIHABIK MeHeH 3pYY4YJaep TeMHPANKH +1539°C, njaTHHAHBIKBI
+1769°C, xpomayky +1875°C, aH KOTOPKY 9PYY TeMIlepaTypachl BOJIb(-
paMra THemeiuyy, ajl + 3390°C.

Mera/upIap/AblH KapaThUIBIIITA TapaJIbIIIbL. MeTasurlapAblH HYH-
HeH jKep KBIPTHIIIBIHAA KeHUPH TapKaJTaHbI UTIOMUHUMN, aH/laH KUUHAH-
KUJIepH TeMHUp, Kajibluil, MarHMH KaHa THTAaH. Kasirag MeTajjiiap
A HYAILIK KOII aMeC caH/a skep KbIPThIIIbIH/IA KapMaJIblll JKYPOT. JJIeMeHT-
TepAHH sKep KBIPTHIIIbIH/IA MaCCaChI DOIOHYA KapMaJIbIIl JKYPYY AXarpaM-
MacblH/la OepHjreH XpoM <ep KBIPTHIIIBIH/JA MacCachl poronua 0,3%,
aukens — 0,2%, xe3 — 0,01% Tapkajras. MeTasap AKapaTbLIbIIITa
AKTHUBAYYJIYTYHO 7Kapalia OpKHH, OMpUKMesep TYPYH/O Ke3Jemner. AK-
THBAYY MeTaJj/lap ajapAblH Ty3/1apbl, OPTOY0 aKTHBAYYJIYKKO 92 60JINOH
MeTaJLJI1ap cyJIb(uAAep KaHa OKCHUAAED, Al 9MH aKTHUBAYYJIYKTOPY TOMOH
MeTasIjlap 9pKHUH abanja Ke3/lellepruH oHjecuHep.
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MeTtaJsuyiap/ibIH aJIbIHBIIIbI

BupHKMeJep TYPYH/I® TapKaJraH MeTaJuIlap/bl OHAYPYIl ATy YHYH ap
KaHAal BIKMaJaphl 6ap: IHPOMeT Iy PrusijIblK, I'M/POMETaJIyPrusIblK

»KaHa 3JIEKTPOJIN3.

1. ITupoMeTaLyprusijbIK bIKMA

AKTHBAYYJIYTY aHYa Koropy 60060roH MeTaJI1ap ajJlapAbIH OKCH/I-
JepHH »aHa CyJIbGUANepUH KYUTY3YIl, OKCHAZICPHH KOMYD, KOMYPTEK
(II) okcHAM, CYYTEK ’KaHa aJJIOMUHHH MEHeH KaJIbIOBIHA KeJITHPHII aJIbl-

mat. MHcansl,
Sn0, + 2C° — Sn? + 2C*?0;  Fe3’03 +3C*“0 - 9Fe? + 3C*0,

MeTa UIapAbIH CYIb(HUAAePHH KYITY3YIl, OKCHIIePHH KOMYP MEHEH
KaJIBIOBIHA KeJTHPHUII a anbimaT. Mucaisl,

97252 + 309 - 2Zn0 + ST*03%;  Znt20+C° > Zn° +C*?0

Ty3aapAbl a’KbIpaThIll, OKCHAEPHH KOMYP MEHEH KaJILIOBIHA KeJITH-
PHII, MeTaJLJIAbI 06yl aJICaK 00JIOT:

Kemyp MeHeH TYPYKTYY Kapbujaaep/iu maujia KbLI0aran Mmerajujjap-
IGIH OKCHJIIePH KaJbIObIHA KeJITHPHJIeT. Jdrepjie MeTaljIZlap KOMYP MEHEH
TYPYKTYY KapOuiepAu maiijla KpljIca, ajJlap/iblH OKCU/ICPUH CYYTEK Me-
HeH KaJblObIHA KeJITHPHIIIET:

o

0 + +6 0 0 +
»W+3H205 MoO,; +3H2 ———> Mo+3H20

-]

+6 0 :
WO3+3H,
2. MerajuioTepMHusa bIKMAaChI

AHa MeTaJIlapAbl aJapAblH OKCH/IIepPUHEH aKTUBAYY MeTaJlJIZlap
MeHeH CYPYII YbII'apyy apKbLIyy ajca 60JI0T.

G20, - 2A1% 5 A1380,.4:2Cr”

3Mn 40, + 4A1° — 2A1;%04 + 3Mn"
AJpbIM YUypJIap/ia 7KOropKy bIKMAHbI aJIIOMIHIII KaJIbIOBIHA KeJITUPIUY
KaTapbl KOJJIOHYJIPaHABIKTAH AJIIOMUHOTEPMHUS /el aTalar.
3. M'mapomMerasuryprusijiblK bIKMa

MpbIHZa MeTaJJIIap/Abl ajlap KapMaJiblll 2)KYPI'OoH KeH/lep/ieH pearenrt-
TepAHH KapAaMbl MeHEeH 0OJIYII YBITHII, CYY/a 9pHH Typran OMpUKMeJIe-
pUHE OTKO3YIl, OIIOHJAOH KMUUUH MeTaJjijap 06yl ajablHaT. Kennep/ieH
MeTaJlJIapAbl 06Jyydy aiipbIM peareHTTep: KYKYPT KHCJI0TAChl, IHAHI/L-
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nep (H,SO,, KCN s%.6.) 6oayn acenreiner. Hes (1) okcuanH CuO kap-
Mall JKYpr'eH KeHAH KYKYPT KHCJIOTachl MEHEH HIITEeTKEH/E all OKCHJI Me-
HeH apaKeTTeHHUIIeT:

CuO+ H2804 —> CU.S04 Tk H20

dpurmene xe3 (II) cynpdarsl 3pUresH TYPYHAO 00JIOT. OMH OIIIOJI
SPATMEHH 2JIeKTPOJIN3/106 Ke yKe3/[eH aKTUBAYYIYTY sKoropy DOJITOH Me-
TaJIJI MeHEeH 7Ke3/IH CYPYIl YbIrapyy apKblL1yy ©HAYDPYJIOT:

+2
CuSO, + Fe’ - Fe*?SO, + Cu’

7K oropkyait rHipoMeTa1y Prud/IblK bIKMa MEHEH KYMYIITY, IIMHK-
TH, KaAMUAIAH, MOJIHOAeHAM sKaHa ypaH/bl OHAYPYII aJIbIIIaT.

4, DJIeKTPOJIN3 BIKMACHI

DIeKTPOJIMU3 bIKMachl MeHeH aKTHBAYY KeHWI MeTaJljifap- KaJIui,
HaTpU#, KaJbIUi, MarHNH KaHa ATIOMAHUHIA OHAYPYI ajblliar. JJeK-
TPOJIM3 IIPOIleCCH MEeHEeH CHJiep TaaHBIIIChIHAPD. Mucajy KaTtapblHJa HH-
KeJb CYJIb(MATHIHBIH CYyAarsl 3pUTMECHHHH 3JIEKTPOIH3NHE TOKTOJIYII
OTOJIY:

NiSO, 2 Ni?* +s05 ; HOH 2 H™+OH"
Anonno (+) « OH; S()i' 40H -4e = Og +2H,0 — oKHuCTeHYY

Katonmo (—) «H";Ni*'; Nit +2e = Ni' — kansIObIHA KeJyy.

MeTtaJsuyiapabiH (pu3uKa-XUMHAJIBIK
KacHeTTepHu

MeTa IAbIK KPUCTAJUIALIK TOPAYH TYHYHZOPYH/O OH 3apA/ra 93 DoJI-
roH MOHJOP ’KaHa 3JIeKTP-HeUTpaJayy aToMAop sKayraiepll, ajapiablH
apaJIbITBIH/Ia 9PKUH KbIHMbLI/IA 60JI0H 3JIeKTPOHAOD MeTaJIJIIbIK KpHC-

TaJLIABIK TOPYOHY TY3YIIoT (8.2-cyper).
NoHEAOp MeHeH 3JeKTpP-HeUTPaJIAYy
aTOMIOP/Y 3PKHUH KbIMMbLIJAIl KYPI'oH
3JIeKTPOHAOP 0aiyIaHBIITHIPBII TYPaT.
MeTa /UIAbIK 6aitylaHbIIIbI Oap KPH-
cTaJuIra ChIPTTaH KYd TaacHp 3TKeH/[e
ATOMIOPAYH KaTMapbl KbLIbIIIAT, OU-
DOK 3JIEKTPOHAO0P OYTKYJ KPHUCTAJLJI/IbI
HoiUTon KaTKaH/ABIKTaH OalylaHBIIIITAP 8.2-cypeT. MeTtannapik
yaysibeir. OmOBEAYKTaH MeTajullapra Kkpuctaniabik TOPYOHYH CXemach!.
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HHMJICHYTHK KacHeT MYHO3JYy. YIIyJ KacHeTTep aJIThIH, KYMYII JKaHa
*Keajle »KaKIbl 6anKaar.

Merayiiapra »KapblKk HYpY TYIIKOH/© 9PKHH 3JEeKTPOHJOD aJapAbl
Kaifpa YarbUIABIpaT, OLIOHAYKTAH MeTaJllap KaJIThIPAKTBIK KacHeTKe 29.

MeTaJULapAbIH 3JIEKTDP TOTYH, KbUIYYJIYKTY JKaKIIIbl OTKODYIITY 9JIEK-
TPOHAOPAYH 6arbITTYy KBIMMBLUIBI MEHEH TYITYHAYPYJIOT. [Torermuasiap-
IbIH a3blpaakK aubIpMaYbLIBIIbIHBIH HaThIMKacbIHAA ajlap Tepc VIOJIAaH
OH yiojra 6arsITTyy KbIMMBLITa KeJeT. AJITBIH, KYMYII >KaHa »Xe3JHUH
KBLUIYYJIVK OTKOPTYYTYTY 3H 2KOTOpYy, BUCMYT MEHEH ChIMAIITBIH MKBLIYY-
JIVK OTKOPry4TYry 39H TOMOH.

MeTtasuLaap CHIPTKbI 3HEpreTHKAIbIK JAeHrad IIepUH/Ierd 3J1eKTPOHI0PYH
sKeHMJ1 66JIyII YbIraphlll, OH 3apAAAyy HOHTIO afyIaHBIIIAT:

0
Me—ne — Me'™"

MeTaJIJ1 aMecTep/ieH aibIpMaJIaHbIIl MeTaJlIap JIeKTPOHAOPAY KO-
Iy agsinnaiT. MeTaniap/AblH CBIPTKBI 9HEPTreTHKAJIBIK NIeHI'33JInHIe-
'l a3 CAHJArbl 3JIEKTPOHYH »KeHWJI OepHIl, peaKIuAra KaTplar.

CBIPTKBI 3JIeKTPOHAYK KaTMapblHJa OMpJ/leH 3JIEKTPOHY O0JITOH Me-
TaJuIgap KY4TYY KaJbIObIHA KeJITHPrH4YTep doaymar. MerayijiapAblH
*KOHOKOM 3aTTap: KACJIO0TaJap, akTHBAYYJIYTY TOMOHYPOOK MeTaLIAapAbIH
Ty3Japhbl, rajoregjiep, KYKYpT, KéMYPTeK, KpeMHHH ’KaHa CyyTeK MeHeH
apakeTTeHHIIIKeH/e MeTaJlJIAap/AblH KaJbIOBIHA KeJITUPru4d KacueTTepH
naaHa OaMKaJar:

2A1° + 6H'Cl™ — 2A1™°Cl3 + 3H)
Ni® + Cu*?s0, — Ni*?s0, + Cu’

Ca® + 2H50 — Ca*2(OH), + H 1

A#pBIM MeTaJIJIlapAblH KaJbIObIHA KeJITUDPYY KOHAOMAYYIYTY 7O~
ropy 60JTOHAYKTAH CYYTeKTH KaJbIObIHA KeJITHPHI, I'IApUAAEPA nmau-
a KbLJAaT: {0

Cal T HI 5 Ca <H

OTMe MeTaJUIapAbIH ATOMYHYH TY3YJIYIITYH/JIOI'Y ©3re4eJYKTOPYHO bau-
JIAHBIIITYY XAMHUSIBIK peaKIus YYypPYH/a, ajlap ChIPTKbI 2KaHa d-aToMayk
opOuTANAArE]l AJEKTPOHAOPYH 066eJyll YbIrapraH/IbIKTaH, ©3repMeJyy Ba-

JIEHTTYYJIYKTOPYH KOpPro3yIer:
0

3Fe’ + 209 - Fe*20 - Fe;*03”

AMdoTepIHK KacHeTKe 33 DOJITOH MeTaJljjlap 9KH HKAKTYY (MeTaJLI-
IbIK JKaHa MeTaJlJl 9MeCTHK) KacueTTH KOpCOTYIIIOT. Besarunnyy Oup maprka
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MeTasUIIap MeTalJl S9MeCTHK KacueTTepAn KopcoToT. AMdoTepauK KacHeTKe
55 GOJITOH MeTaJUIAap: MUHK, aJJIOMUHUH, XPOM (I1I), xanau (IV), mapra-
gell (IV) x. 6.

7n® + 2H Cl- — Zn*?Cl, + H) T (MeraniibIK KacHeTTH KOpPCOTTY)

7n° + 2NaOH*™ — Na,Zn*?0, + HY T (Merasa oMeCTHK KacHeTTH KOp-
COTTY)

DpuTMejie HaTpUl TeTparu/poKCco-IuHKAThI nauga 60J10T:

+ 2
Zn° + 2NaOH + 2H;0 — Na,{Zn(OH),} + H) T
HaTpuy TeTparnapoKCo-UMHKaTbI

Metaigap 6upu-6upu MeHeH OMPUTHII MeTaJIIAbIK OalyIasBINI ap-
KBLIYY CBIPTKBI KOPYHYIITY 00I0HYA MeTaJlJIAapra OKIIOMI, MHTEepMeTalJI-
IBIK OMpHKMeJIepAy Iaija Kpuapimar. Mucaisl, cCypbMaHbLIHbIH Sb k22
6mp MeTaJLIlap MeHeH 00JroH OMpUKMeJepH: Na,Sb, Ca,Sb, NiSb . 6.
Gearmayy. MeTanajapra cajJblITHIPrag/ia HHTepMeTalJIap/AbIH KaTyy-
YTy 7KOTOPY, MAMJITHYTUTUA TOMOH 0OJIOT. NHTepMeTaJIIapAblH KOII-
qyJayry IpaKTHKaJIbIK MaaHure 93. Mucassl, cypbMa-anoMuHUi AlSb,
cypbMa-uHEAUI InSb sxapbIM €TKOPryd KaTapblH/la KEHAPH KOJIJIOHYJIAT.

MeTaJuyiapablH KOJJIOHYJIYITY

A¥ppIM MeTaJIjapra KaAuMKH IIapTTa a0aHbIH KbIYKBUITEI'd, CYY
TaacUp JTIereHAUKTEH aHAail MeTaJJIZap MEHEeH KEHHI nat bacyy4y
MeTaJUIap/laH KacajraH MallMHAHBIH TeTHKTEPHH KallTallar. O11oH-
0¥t MeTaJJIap/AblH OMpH NUHK. [IuHEKTH ap KaHJad MeTajlJIlap MEHEH
GaJKbIIl 9pUTeH abajblHAA apajallThIPBII My3ZaTyy MEHEH Ky#mMaiap
TeIHAT. Mucasibl, ’Ke3, aJlOMHUHHN, HUKeJIb MEHEH 00JITOH IIMHKTHH
KyHMachlH — JATYHAY ajJyyja KOJAOHYIIAT. Ap Typayy Oarapesyap/ja
KOJLIOHYJIYYYY IIUHK-KOMYpP/Y MaIbBAaHUKAJIBIK JJIEMEHTTH NaApA00A0 Mman-
najiaHbllIar.

Taza TYpyH/ie MeTaJL1lap CeMpeK KOJOHYJIAT. Kemuysyk y4dyp/a ajxap-
IBIH KyiiMasapbl naifarassuiat. KyiMaaapAblH KacHeTTEpH ajiap/ibl TY3I'6H
KOMIIOHEHTTepHHeH ailblpMajaHaT. AJITHIH MEHEH KyMYIII JKYMIIIaK MeTaJllI-
map 6osroHAYTYHa KapabacTaH ajlapAblH Kyitmasnapsl kaTyy. Kyiimanapia-
PEI BajUTaHBINI METAJLIABIK, ONIOHAYKTAH ajap MeTa/UIbIK KacHeTTepAu
kepcoror. KyiiMmasapibl Aasgp/l0o0A0 alAbIHATIA KO3/1ereH Kacuerrepu 00-
jOHUA JasipAamar. Mucaibl, KHCJI0Ta I[eJ049K0, TeMIIepaTypard TYPYKTYVY-
YTy, KaTyyJIyTry, TeMIepaTypajblK pedkuM/iepre Kool bepresjied Tajaal-
Tap/bl KaHAATTaH/BIPBIIIbI 3CKe aJIbIHAaT. Kyiimasap Kajrsl3 MeTajljlap-
NlaH gaspjaadacTaH MeTaslI-MeTaJll dIMeCcTep (C, Si, P, I) apanamMmacsl-
HaH na anbiHaT. MBIHAaM KyidMajaap oTe OexeM, KeIInIyyro TYPYKTYY,
HIIITETYYr® 2 IIeKTUI MeHeH 0aanyy.
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IIopaTIOMAHHUN KYWMachlHBIH KYpPaMbl, alioMuaui 95% , xe3—4%,
mMaprager] »kaga Margui — 0,5% Tes Typar. by KynMa >KeHHJIJJHI'Y JKaHa
fexeMauru booHYa Haanyy. AJIIOMUHAN MeHEeH »Ke3re CajblIIThIPpTran/ia
kKaryy. OMIOHAYKTAH AI0PAJTIOMUHHI cCaMOJIeT KYPYY OHOPKAHbIH/A KOJI-
JIOHYJIaT.

1. MeTann 3MecTep 3neMeHTTepauH Me3ruavk cucTemachiHaa KaHaan xau-
rawkaH? AnapabiH aToMyHyH Ty3ynyuwy MetannaapablkbiHaHd kaHaanda avbipma-
naHar?

2. FanoreHaepre kanchl MeTann amecrep kupet? OMHe cebenTteH ranoreHaep
aen aranbin kanrad?

3. Hatpuin xnopuavHuH bankbin 3pureH 3puTUHAUCKU apKbllyy 3M1EKTP TOryH
oTke3reHae katonno 11,5 2 Hatpun BenyHyn YbiKTbl. YUy yvyypaa aHoAAn0 KaH4a
nutp xnop Cl, benyHyn ybirat?

4. NlabopaTtopusaa KyuTyy OKUCTEHAMPIAYTEP Kanuit nepmaHradarbitbii 0,25
MONyHa KOHLEHTpaLuaANaHraH Ty3 KUCNOoTackliH Taacup 3TKeHAE (H.L) KaH4a nuTp
xnop benyHyn ybirat?

5. AnemMeHTTepAVH ME3runauk cuctemacsiHaa cyyTekTud bupuHyn rpynnana
OpYH anbllbiH KaHAauya TywyHecy3aep?

6. XKapatblbllLUTa CyyTeK Kancbl BUupMkMenepavH KkypambiHAa kesaeweTt? OMHe
Y4YH CyyTekTu AanamabiH 3nemMeHTy gewer?

7. TeMOHKy annaHyynapabl ULl Xy3yHe alubipyydy peakunsnapAbiH TeHaeme-
nepuH Tyaryne. MNanaa bonroH 3atTapab! atarbina.

a) S » SO,— SO,— H,SO,—> Fe, (SO,),— BaSO,
6) N, > NO - NO,—» HNO, NH,/NO,— NH, — NH,OH

8. CyyTekTuH nabopartopusiga, eHepxavaa anblHbillbiHA MUCAN KenTuprune.

9. Kaucbl ydypaa cyyTtek oH (+) xaHa Tepc (—) OKACTeHyy AapaxacbiH KOp-
coToT?

10. CyyTek xaHa aHblH bupukmenepu an YapbacbiHbIH Kaucbl TapMakTapbiHaa
KonaoHynart?

11. 6 2 HaTpui rMapuav rmaponuare y4yyparaHga (H.Ww) KaH4a nuTp cyyTek
BGenyHyn ybirat?

12. 11,2 51cyyTek nanga boncyH y4yH KkaHya rpaMmm Kanbuui ruapuan rupo-
nuare yvyypawr (H.w.) ?

13. 14 2 TeMup Cyy MEHeH apakeTTeHULIKeHAe KaH4ya rpaMm TeMup okasnuHa-
Cbl XaHa (H.L1.) KaH4a NuTp cyyTek BonyHyn Ybirat?

14. 3 keneMm cyyTek MeHeH BUp Kenem KbI4KbINTEeKTUH apanaumacbiH 3BaUO-
MEeTp KypanblHAa 3NeKTp TOryHyH Taacupu MeHeH Xap/blpraHaa KkaH4a rpamm cyy
nanaa bonot? Kanchkl rasnaH kaHya Kenem peakumsra Kartbiwnaw kanar?

15. 6 2 koMyp cyy Dyycy MeHEH apakeTTeHuLLKeHde (H.W.) KaH4ya NUTp KoMypTek
(11) okcuawm xaHa kaH4a nuTp cyytek nanga bonort?

16. MeTannaapabl xaparbinbilwTa Tapkanrad bupvkmenepuHeH kaHtun benyn
anabbi3?
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17. Metannapab! anyyHyH NMpoMeTannyprasnbik bikMacbiH MyHO30n bepru-
ne. Mucangap kentuprune.

18. MuapomeTannyprysnbik Metanngapabl anyy biKMacbiH KaHzan TYLUYHO-
CyHOp?
19. MarnuTTyy Temupaex Fe, O, antoMMHOTEpMUS bIKMacbl MEHEH TEMUPAW

OHAYPYN anyyHyH TEHAEMEenepuH xXasbin, TeHaerune. JneKTpoHAOPAYH OTYLIYH
KOPCOTKYN®.

20. Hatpuit XNOpPUAUHUH 3pUTMECKH aneKkTponuaaereHae (H.w) 7,2 n cyyTtek
BenyHyn YbiKTbl. ApUTMeEe kaH4a maccafarbl XaHa kaH4a Monb HaTPUA rTMAPOKCK-
v nanpa bonay?

21. 1 118% xe3 (I1) cynbaTbiHbIH 9puTMeEcH apkbinyy (P =1, 122/cm®) 23,2 n

KYKYPTTYY CyyTekTu oTkepywTy. Kaichl 3aT KaH4a en4emre 4oKMere TYWTY?

22. ToMOHKY annaHyyHy WL Xy3yHO allblpyy4dy XUMUANbIK peakunanapabiH
TeHAEeMeCUH Xaabin, TeHaerune:

a) Cu—> CuO—» CuSO4—» Cu(OH), = CuO — Cu
\CUSO4
6) Al— Aly(SO.)3 — Al(OH); — NaAlO,
Na[Al(OH)4]



I[X znasa

OTMO METAJLIIAPIBIH XUMUACHI

OrMe MeTanaapAblH ME3rHJJIUNK CHCTeMaJaH aJiraH Opay

JI. U. MeH/iejieeBANH ME3TWIJMK CHCTEMAChIHJAr'bl KOIIyMYa II0A-
rpyIIachlH/a Kalfiralkad MeTaJLIIap/blH 6apAbIrsl d - a1eMeHTTep 60y
caHasIaT. Ajapra: CKaHAHI, TUTAH, BaHaJWH, XpOM, MapraHell, TeMHp,
KODAIBT, HAUKEJh, 7Ke3 yKaHa IIMHK IoArpynnacs! e arairad 10 aaxeMeHETTHH
KaTapblHJarsuiap Kuper. Byl ajleMeHTTepANH aTOM/IOPYHYH CBIPTKBI 9JICK-
TPOHAVK KaTMapbIHJA S 9KH 2JIEeKTPOH CAKTAJIBII TypaT, ajl 9MH KUMHAHKHA
KaJIFaH 2JeKTPOHAOPY ACTHIHKBI (n-1 )d KaTMapbIHja Kauramkan. OmoH-
AVKTaH ajapAbl ©TMO MeTaJLIZap Aell aramar. AUPBIM MeTaJUIflapAa,
MHCAJIBI, XPOM/IO, 2Ke3/ie, ChIPTKBI 3JIEKTPOHJAOPAYH OTYHILY JKYPOT Jia 9H
CHIPTKBI ZICHI'32JI/Ie JKaJITbI3/IaH OMp 2JIeKTPoH KaJjaT. MbIHa VIIVHJal Ka-
cHeTTep! MeHeH Halka MeTajUliap/laH aibipMasiaaT. Komrymya noArpyn-
MaHBIH MeTA/LIAAaPbIHBIH XAMHSAIBIK aKTAB/AYYJIYTY, HEMH3I'd I'PYIIIAHBIH
3JIeMeHTTepHHeH aibIpMajaHblll, TOMOHTOH KOropy Kapau akTHBAYYJIYTY
KY4YOMUT.

VIII rpynnazars! aifpsiM d-3j1eMeHTTepH: PYTeH!H, OCMHHI, MaKCH-
MaJIIVy OKHCTEeHYY Alapaskacsl +8re 6apabap 60ron 6UpUKMesep/iu HaH-
Ia KbLIarT.

Kommymuya moArpymmnajzars! MeTauiiapAblH aTOM/IOPYHYH OKHCTEHYY
Jlapa’KachIHBIH YKOTOpPYJIalllbl MeHeH ajJlap/blH OKCH/UIePAHIH, TH/IPOKCHJIC-
PUHMH HErM3/IMK KaCHeTTepH TOMOH/IOI, KUCJIOTAJIbIK KaCHeTTepH XKoropy-
naiir. Mucansl xpoM (II) okeum CrO serusauk, xpoM (IIT) oxenmmu Cr,0, —
aMporepauk, aji amu xpoM (VI) oxcuau CrO, — KHCJIOTAIBIK OKCHL. Ara
sutaiteik kucstora H,CrO, xpom kucioracel, H,Cr,0, ok XpoMlyy KHCI0TA
Tyypa KeJjerT.

KomyMya no/irpyNIIaHbIH MeTaJUIIaphl sKaHa aHbIH KYHMajaphbl a3bIp-
KbI TEXHHKAa/]a IPAaKTHKAaJbIK MaaHHUCH 30D, OLIIOHAYKTaH MYMKYH 00JIy-
[IyHYa ap OMp KomyM4ya DOArpyllIaHbIH OTMO MeTajlap/iblH aTOMYHYH
TY3YJIYIIY, QU3UKAJBbIK, XUMHUAAJIBIK KaCHeTTepH MeHeH O3YH4YO TaaHbI-
IIbII KapanuObI3.

§ 1. ZKe3 nmoarpynmnacbIiHbIH MeTAJJ1aPbI

JKes moarpynnachklHbIH MeTaJJIlapblHA Y4 3JE€MCHT KHUpeT: es,
KYMYIII, aJITBIH, ajap IIeJIoOUTyy MeTajJIlap CBIAKTYY 9Jjie 3H CBIPTKBI
JeHI22JINH/Ae OUp/IeH S-2JeKTPoHA0opy 6ap, ajl 9MHU aubIipMachl aKBIPKEI
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kaTMapblEAa 3s23p°3d'’ — 18 asekTpoHAYH 60iIymly OyJl djeMeHTTepre
TYPYKTYYAYK KacuerTu 6epun rypar. lllesouryy MerajifapAan KeCKHH
aiBIPMAYBLIBITEI 2Ke3, Kymym, ajaTeiH Cu, Ag, Au KBIMBIHJIBIK MEHCH
OKHCTEHHIIIeT, KbIUKbUJITCKTEe TYPYKTYY OoJsiyiar, ye3 HoATrpynIachblHbIH
MeTaJLIIapbIHBIH aKTHBJYYJIYTY 2Koropyja Oejirujeres Karapja asafT.
OmIOHAYVKTAH e3 KbIYKbLJITEK MeHEeH OTO KbIMBIH/IbIK MeHEeH boJico j1a
oxkucrener. OKCHIIEpH, THAPOOKCH/IJIEPH cyya opubenT, Hadap rujipo-
okcuiepre kuper. Mertasiiap/lblH aKTHBAYYIYK KaTapblH/AA CYYTEKTCH
kuitna Typymar. Omonoi 6ojco fa GupuKMesepunje xe3 +1, +2, ai-
TeiH +1, +3, kymym +1 kosge +2, +3 AereH OKHCTEHYY /lapa’KacChblH
KOPCOTYIIY MYMKYH >KaHa BaJICHTTYYJIYKTOPY OKHMCTEHYY JAapakachlHa
Tyypa KeJleT.

Kes. ATOMAVK TY3YJIYIIY TOMOH/IOT'Y/[OM:

Cu(329) 1s?, 2s?2p°, 3s*3p°, 3d'° 4s’

ez atomyryH 3d AO >kalirallKaH OHYHUYY 9JIEKTPOHY KBIMMBUIYY
6OJTOHAVKTAH, TOPTYHUY S-JICHII9JIMHEH «CCeKMPHK» abaibIH/la acThIHKbI
JIeHI29JIT'e OTOT, OLIOHAYKTAH e3 OMpUKMeJleprH/ie +1, »xke3 (I) okcuuHze
Cu20 xana xe3 (II) oxcuymage CuO +2 oKHCTeHYY lapaykachlH KOPCOTOT.

MUsoronTopy 6ap: 5, Cu, 5 Cu.

JKaparpubimra Kes/ienuim

7Ke3 xkapaThUIBIIIITA a3 caHja 0oJico Jla 9pKHH abajja, ajl 9MH
KOIIYYJIYK YIYP/a KeH TYPYHJI0 — cy 1bbhuj abajblHjia Ke3/eler. JH Maa-
HIU1YYy MUHepasapsl CusS Ke3 »KaJThIparsl, e3 KoJI4e/lJaHbl 2Ke XaJIbKOo-
nupur CuFeSz, 6opuutT CuzFeS;, KBIUKBUITEKTYY OMPHKMEJIEPHHCH,
vmucansl, Mmagaxut CuCO,- Cu(OH), azypur 2CuCO;- Cu(OH)z xana Ky1I-
put Cu20, reropur CuO x. 6.

Ausrasimbl: Taza sxe3qu 6GMprKMeslepuHeH 6oyl anyy 6up KaH4a
HacKbIY MEHEH JKypyydy TaTaaj IpoIleccTeH KHWHUH MIIKe allbIpbLIaT.

AJlereHjie »Ke3/IuH cyJIbMOU UMK KeH/IepUH KYUTI'Y3YY MEHeH JKe3 OKCH/IUH
aJIbIIIarT:

4CuFeS,+130, = 4Cu0O+2Fe,0;+8S0,

AHIAaH KHMMH KOKC ’KaHa KyM MeHeH HMINTeTHI MNIJAaKThl O3YHHO
ykes3jleH DOJIYII aJplmaT. ByJ1 apajsamMa «KyngepmiTedH» el aTajiar.

2Cu0 + FeS + C + Si0,= Cu,S+FeSi0; + CO xe
CuO + FeO + CuS + C + Si0,= Cu,S + FeSiO; + CO

AHJIaH KHAHH «KYII(MepHIITeHu» KOHBEePTOP/A0 0aIKBITHIII OPUTHII,
«Kapa Keare» 4eMHH KaJblObIHA KeJITHPHIIeT:

2Cu,0 + Cu,S = 6Cu + SO,
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ByJ1 ajibIHraH ’ke3 aH4a Tasza 007g00MT, OMIOHAYKTAaH, aHbl balnka
OMpHKMesIep/ieH Ta3ajl00 Y4YH KaupajaH DaJKBITHII 99PUTHIIET, «Kapa
sKesjieH» apoj »kacar, CuSO 4+HESO4 DPUTMEHH JJICKTPOJINA3/[00 MEHEeH
Ta3za Ke3 aJbIHAaT.

duzukaIbIk Kacuerrepu. J{e3 Majia KbI3I'BUIT TYCTOI'Y MeTaJLJI, OHOX
HitHJIeT, co3yJar, 60pbopJIOIITYPYJIral TYHYHJIYY TOpPYOro 33. BajkbIn
aapyy Temneparypackl 1083°C; 2582°Cae kaifHaUT, XXKBUIYYJIYKTY KaHa
9JIEKTP TOI'VH 9H >KaKIIbl 6TKOPOT.

XUMHSUIIBIK KacuerTepu. J{e3 XMMHJIBIK aKTHUBJAYYJYTrY OoroHYa
KYMYIII KaHa ajThIHAaH aiibIpMasiaHat. dle3 raHa Ka[JAUMKH IIaPTTA KbIY-
KHUITEK MEHEH 7Kaif OKHCTeHeT, aj aMu TeMueparypanbl 400°C nen »xoro-
py GepceKk TOJYK OKHCTEHMII, Ke3 OKCHJMH Ilaijla KbUIaT. Jrepjie KbId-
KBLITEK »KeTHUIcH3 6oJsico, ag/a »ke3 (I) okcuuHe YeMuH OKUCTEHeT:

0 0
s OF—— 9610 PRy Ou—— s DCR O

Kyprak abasjars! XJop ke3 MeHeH apaKeTTeHOeuT, aj oMU abaHblH
KHYHHEe 2JIe HIMJIVY 00JIyIIy MeHeH XJIop aKTHUBJYYJYTYH KOPCOTOT /ia,
»Ke3 MeHEeH OHOM peaKIMsAra Kupe bamTaur:

Cu + 012 = Cu Cl2

OmoHA0M 3jle TeMIepaTypaHbl KoropyJjaTkKaHja ceJieH, TeJUlyp,
KYKYPT MEHEH Jla aKTHUBJAYY PeaKIuAra Kuper:

Cu+S =CuS

WKesz TaTraay sarrap MeHeH peakKnusamar. Mucajibl, KOHIIEHTpa-
USJIAaHTaH TY3 KaHa KYKYPT KHCJIOTaJaphbl KbUIYYJIYKTYH TaacUpPH Me-
HeH peakKIMsira KHupce, KaJAMKH IIapTTAa KOHIEHTpalusJaHrad a3or
KHCJIOTACchl MEHEH apaKeTTeHe ajarT:

2Cu + 4HCl g, + O, ——>2CuCl, + 2H,0

0

Cu + 2H,S0 ) ——> CuSO, + SO, + 2H,0
Cu + 4HN03(k) = CH(NO3)2 a7 2N02 T 21‘120

Hes aktusayysryry 6oroE49a Hadap 60JroHAYKTAaH OMpUKMeIepUHEeH
aKTHBJIYY MeTa LJIJIap/bIH TAaaCUPUHEH OPYH ajIMallar:

CuCl, + Fe=FeCl, +Cu
Kes oupuxmesiepu

ez (I) okcuau Cu,O KBI3BLI TYCcTOry IIOPONIOK abajibIHAarbl 3arT
6osoT, an amu xke3 (II) okenu CuO kapa TycTo, KapaTbLIbLIIITA «TCHO-
PHAT» JieT'eH aT MCHEH MHHepaJl TYPYH/O0 Ke3jenieT. Je3u oKACTCH/IH-
puil, orrogon ajie »xe3 (II) ruipokcHIMHE BICBITYYAaH Jla ajdyyra 60JIoT:
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2Cu + 0, = 2Cu0 , Cu(OH); — > CuO + Hy0

Kes (1) ruapoxcuan CuOH Typykcy3, OMOHAYKTAH, Te3 3¢ abl-
palm KeTeT »KaHa aMMHaK MEHEH apaKeTTeHHIIHI KOMILJICKCTHK OupuUKMe-
HH IIayuja KbljiarT:

CuOH+2NH,= [Cu(NH,),]JOH

es (II) ruppoxcuzam xe3 (II) BajeHTTYY Ty3japra miejioub MEHCH
TaacHp dTKEH/Jle KOK TYCTOrY YOKMO TYPYH/I0 nanja 60J0T:

CUSO4+2NaOH=Cu(OH)21+N32804
Kes (1I) ruipoKcHX a3plpaak aMpoTep/uK KacHeTKe 39 00s10T.

HKesz (1I) Ty3napblHBIH KOIUYYJIYTY CYYAa JKAKIIBI 39PHIICT. Cyyaa
JKaKIIbl opubereH Tys3japra es CyJIbOUIH CuS xana xke3 ¢docdarsl

Cu,(PO,), kuper. CuCO,- Cu(OH),- 0,5H,0 MuHepabl a Ha4ap IPHUMT.

Kosronysrynry

YKe3s jxaHa aHBIH KYIMaaaphl 9J1eKTP-XUMHASIIBIK OHOPIKan/Ia 2JICKTP
TOI'YH OTKOPryd 3bIMIap/bl ajlyy/a >kaHa bamKa a3pIpKbl OHYKKOH TEX-
HUKaJa KOJJIOHYJIAT. MeTa/sIyprusjblK OHOPIKAUAA Ke3(HH KaJlak Me-
peH Kyitmacsl koo Cu 80% — Sn 20%, IHEK MeHEeH KyiMachl JIaTYHb
Cu 60% — Zn 40%, ajapjaH MalllMHAJIapJAblH TeTUKTEPHH, CYYy arbl3yy-
Yy KpaHAap/bl, 3MIAKTEePAUH TYTKAChIH, HJITHYTEPAN Kacaliart. Opra-
HU3MJIe yKe3 0TO KepeKTYY: KaH aijlaHyy IPOIECCHH JKaKIIBIPTYY/d, 6CYYTO
sxapjaM 6epHil, reMorJIOOMH/IUHE a3aublll KeTYYCYHOH cakTauT. BeTepuHa-
pusila ’Ke3 Kymopocy (KOKTaIll) CuSO, - 5H,0 ryirysyydy, KycTypyydy
JKaHA WYKH KYPTTapAbl OJTYPYYYY PeareHT KaTapsl Iau/lajlaHbLIaT, al
amu (CuOH),CO, ecymayk 6akTepusIapblH 6JTYPYY YIYH 7KaHa DOEKTOP-
Y aJyyja KoJJIOHYJIaT.

§ 2. IIMHK NMOArpyNIachblHbIH METAJJ1aPbI

Mearm ik cucreManbis 11 moArpynnachklHbIH 0TMO d-MeTaJIIaphbl-
HBIH 2JeKTPOH/IVK TY3YJIYIIYH KOPCOTCOK TOMOHKY/IOMU 00JIOT:

Zn .. 3d1%4s?; Cd 4d'°5s?; Hg 5B'"6s”

Bysl ajeMeHTTepAMH IeJI0uTYy JKep MeTajlIZlapbIHaH O3ro40JIyry
(n—-1)d AO 6apabirsl 18 2JIeKTPOH, aj 9MH AKBIPKBI dJIEKTPOHAYK JIeH-
ra3JIMHIEe 2/IeH 2JIeKTPOoHY 00j0T. AJI MM IIEJIOYTYY Kep MeTajliljapAa
feprLIHiA/IeH DalIKachblE/ia 8 3J1eKTPOH, aJl 9MH 9H ChIPTBIH/IA OKHA/ICH 3JICK-
TPOHIOPY 60JI0T. XUMHIIBIK PeaKIAAra KUpres/ie IUHK TOArpyIIachHbIH
OTMO METLIAaphl 3H CHIPTKBI OPOUTACBIHAATB] 9KH 2JICKTPOHYH FKOrOTYIIAT
a +2 OKMCTeHYY Aapa’kachl MeHeH OMpHKMeJIep/Id [Tai/la KbUIbIIAT. Aotap
TIeJIOYTYY JKep MeTaLI/IapbIHbIH 3jleMeHTTepAHEeH albIpMaJIaHbIll, 63/10DYHO
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MYHO3/IYY KOMILJIEKCTYY OMpHKMesIepau TY3YYre sKeHaoM/Yy KesumeT. IInak
DOArPYIIIIaChIH/Iarkl 3JIeMeHTTep/ AN H 0ap/AbIrbl KYMYIII CBIAKTYY YKaJIThIPaK,
KPHCTAJUIBIK TY3YJIYIIIKO 33 O0JITOH MeTaslJIJlap, ajl 9MM ChIMall KaJIUMKH
maprra cyiok abanga 6osor. ChiManl MeTaUIZIJap/ibIH 3JIEKTD-XUMHUAJBIK
YpIHAJIVY KaTapblHJIa CYYTEeKTeH KHUMH TypaT, OINOHAYKTAaH KbIYKbLITEK-
THH TaaCHPHHE TYPYKTYYV KeJleT. OKUHYHY I'PYIIaHbIH HeI'H3I'M IpyNIachlH-
Jlarbl MeTaJLIIap/bIH OKCHJIIepH, THAPOKCHIEPH HEI'H3/IHK KacHeTTepre 29,
aJI MU [IMHK IOATPVIIIIaChIHBIH 3JIEMEeHTTePUHHUH OKCHJIEPH aM(OTep/IHK
KacHuerTepre 23 Ooaymar, Oamkadya alTKaHJa Hadap HEIrm3JMK KacHerT-
Tepre 39.

Iuak

BupukMeslepuHEAEe TYPYKTYY +2 OKHCTEHYY Japa’kachlH KOPCOTOT.
MucaJibl, IHHK OKCHAHM, 'MJAPOKCHM, XJOPUAH XK. O.

Zn*?0, Zn**(OH),, Zn**Cl,

JKaparbuisimra Ke3aenuim

[IuHK >KapaThLIBIIITAa 3pKHH abajjia 193pJIUK Ke3jellneiT. Bupuk-
MeJjlepH KeH TYPYHJe KesjemleT: rajbMmei ke ZnCO,, HUHK 0OMaHKaCHI
ZnS (chanepur). #Hep keipTeiInbiEAa 60120 MeHeH 0,01% esrgaemMyH10
IMHK IIOaThl KapMaJjasln kyper. KanaMuk Zn,‘,Si04HEOZnC03, «KBI3BLJI
IHHKHAT» »Ke IAHKTHH okcuau Zno.

AJNBIHBIIBI

IIMEKTHA aHBIH KeHJlepiuHeH 0aubITyy bIKMachl MEHEH IIMHKTHK KOH-
meHTpaThIH ajnar. Kemyprek, kemyprek (II) okcuan »xaHa cyyTeK MeHeH
KaJIBIObIHA KeJITUPYY MeHEeH Ta3a MUHKTH aJIbIIIarT:

2ZnS+30,= 2Zn0 + 280,1  ZnO+C —1%¥=%% ,7n +CO

ZnO+H,— % 3 7n+HO Zn0O+CO X% 475+ CO,

DuU3NKAJBIK KACHETTepH

[IMHK KYMYII CBISKTYY KaJIThIPaK, ThIBI3ALITEl 7,13 2/cm’® Goaron
o ) 0
oop merasiil. ToMoHKY t' MalijaslaHBII KeTyydy KacueTKe 93, a1 amu 100 —
0 el
150 C HUMJIYI3K, YOKJYaaK KeJIHuIl, XVKa MeTaJlJl IDTaCTHHKAaChI aJIbIHAT.

JHKaparpuisimra 6ermr usoroby Oap. Mwucansl, ggz]n. gan, gan,
gan. gan-
XUMHUAIBIK KaCHeTTepH

[IMHKTHH XUMHUSJIBIK aKTHUBJYYJIYTY HICJIOUYTYY KaHa LIeJoUTyy Kep
MeTaJljl/lapblHaH Hadapblpaak, aJl 9MHM KOProulyH, KaJjau, »Ke3, chIMall,
KYMYIII KaHa aJThIHJABIH aKTUBJIYYJIYT'YHOH »Koropy bosor. [IMHKTH Kyp-
rak abaja kapmaragja Kell y0aKbITKa YeMHH MeTaJlJIJIbIK KAaJITBIPAKThIK
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KACHeTHH >KOTOTIIONT, aJ oMM a0aHBIH HBIMJAYY 00s1ylmly MEHEH IHHK
OKCHIIMK KaTMap MeHeH KauTasarT Jia, aH/laH apbl arMochepaja MeTaLiI-
AbIH OV3yJIyHIVHAH, KOppo3uAara y4ypallblHaH cakTaiT. [[HHK KaJJHMKH
TeMIlepaTypajia cyy MeHeH peakIusira KupOeHT, ajl 9MH TeMIlepaTypaHbl
yKoropyJaryy/a IUHK CYY MEHEH aKTHUBJYY peaKknusiara KApeT. orepjie IIHHK-
T OKCHJUIMK KaTMapblHAH Ta3ajall, Cyy MeHeH bICBITCAK, peaKIud Cyy-
TeKTH 06yl YbIrapyy MeHeH >KYPOT.

Bupunun yuypaa: Zn + HyO = Zn0O + H, T

Oxununcugge: Zn + 2H,0 = Zn(OH), + H, T
TeMmepaTypaHbl KOTOPYY MeHeH Zn rajoreH/iep MeHeH peaKIHsAra
KUPHII, TaJOreHUAAepAHN — Ty3/lap/Abl Iaija KpljiaT:

Zn + Fy = ZnF, Zn +Cl, = ZnCl, Zn+S =ZnS *x.0.
KYKYPTTYY CYYTeK MeTALI/IbIK IMHKKE TaacCup dTKeH/le aHbIH YCTYHKY

6eTH MMHK CYIb(MHUAMHHAH UbIIaM/AYY KYKa KaTMapbl MEHEH KallTaJIbII,
MeTaJIJIABIH aHJ/IaH apbl peaknusara KHpYYCYH TOKTOTOT:
Zn + H,S =ZnS + H, 1
[{MHK CYIOJITYJITaH TY3 ’KaHa KYKYPT KMCJIOTalapbl MEHEH PEaKIliA-
ra KMpHI, THelleJlyy Ty3Zap/bl Ianja KpLIarT:

Zn + 2HCl ) = ZnCl, + H, T
Zn + H,S0y4y = ZnSO4 + Hy 1
AJT 9MH KOHIIEHTPAIMAJIaHraH KYKYPT »KaHa a30T KHCJIOTaJlaphbl Me-

HeH peaKIMAra KUpreHje NUHK KaJIbIObIHA KEJTUPrdY KaCHETHH raHa
KOPCOTOT, CYYTeK OOJYHYI YBIKIIAUT:

7n® + 2H,S0 41y = ZnS0, + 2H,0 + SO,

[[MHK IeJI0YTOp MeHeH aM(pOoTepArK KaCHeTHH KOPCOTYII, CYYyTEKTH
OeJym yslrapar:

7Zn + 2NaOH + 2H,0 = Na,[Zn(0OH), |+ Hy

[[MHK MeTa/LIZapAbIH aKTHUBAYYJYK KaTapblHJla ©3YHOH KANHHKHA
MeTalIlapAbl OMpHKMeJIepUHEH CYPYIl YbIrapa ajar:

CuSO;Zn:ZnSO_,.-%-Cu CdSO, +Zn=Zn.SO4+Cd

[k OMpUKMeJIepHu

7Zn0O NMUHK OKCHUJM KapaThbLiIbIIITa KeH TYPYH/IO Ke3/leIIeT. BopiioH
aK TycTery 3aT. ByJ bupurmMe aM(poTepAuK KaCHETKEe I3 D0JITOHJIYKTaH
KHCI0TaIap/a sKaHa [IeJIOYTOP/A0 OHOM IPHII, peaKIUAra KuperT, HaTbINA-
»kaja [IMEK Ty3/apsl skaHa IIMHKATTap naijga 60soT:

ZnO + 2HCI = ZnCl,~ H,0
ZnO + 2NaOH + H,0 = Na,[Zn(OH),]
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[IlMHEK OKCHAMH BICBITKaH/Ja HETH3/[HK OKCHJIJIep MEeHeH peaKnusira
KUPHII IMHKATTAp/AbI, aJl 9MH KpeMHHH (IV) okcnm MeHeH aHeK ChIAK-
TYy MaccaHBbl Taijla KbLIarT:

Zn0O + Ca0O = CaZnO,; Zn0O + Si0, = ZnSi0,

Zn(OH), nMHK r'UIPOKCH/H aK TYCTOI'Y YOKMO abanwrgia bosor. by
YOKMO NUHKTHH TY3Aaphl IeJI0Y4TOP MEHEeH peaKIusara Kupregjie namja
bosior. AMpoTep/ MK KaCHeTUH KOpPCOTOT.

Zn(OH), + 2HC] = ZnCl, + 2H,0
Zn(OH), + 2NaOH = Na [Zn(OH),]

[IMHEK IHIPOKCHJA aMMHAKTa >XEHHUJ 9PHUIl IUHKTHH aMMHaKaThI
eIl aTajarad KOMIUIEKCTYY OMpHKMeHH ITauja KbljIaT:

Zn(OH),+4NH,0H = [Zn(NH,),](OH),+4H,0

[IMHKTHH XOropy/ia KeJTHpPHIreH OMpUKMeIepHHEeH DalnKa Jarsl
Ty3/1aphbl 6ap.

HKaparsursnmra ZnS nuEK obMankacsl, ZnSO, - TH,O nuHk Kynopocy,
ZnCl, mUHK XJIO0pH/HM 2K.6. TY3/lapbl KEHUPH TYP/IO TapaJiraH.

Komonyayury

IInEK ap TYPAYY TapMakTapja KojajioHygar. Temup xaHa 60JIOTTOH
yKacaJiraH 6yroMaapAblH O6€THH KOPpPO3UAJaH CAKTOO YUYH KAIITOOI'O Iau-
AajgaHbLIaT. [[MHKTHH aJIOMMHUNA MeHeH KyuMachl JIJATYHb TYPYH/IO KOl
KoJgoHyJaT. I[MHEK ralbBaHMKAJIBIK 3JIeMEHT KaTaphbl [lailajlaHbLIaT dKaHa
abpL1 4apbachIHJIa MUKPO3JIEMEHT KaTapbl OCYMAYKTOPAYH OCYITY Y4YYH
JKaKIIb! mapT Ty30T. I[MHK Ty3/1apbl BeTepruHapHusja KYHYK, Kapa aubIK-
THIPYYYY Mai KaTaphbl [UHK OKCHUAM naiganasbuiaT. [luak okeuan ZnO
TeXHHUKajJla ak 00eKTy ajiyyja »KaHa pe3ddHa, 3aMa3Ka, copryd kKarasjap-
AbI Ybllapyyaa OMpHKTHPYYYY 3aT KaTapsbl KojjloHyJIaT. IluHEK cyiasdars!
ZnSO,, nuek xjopuan ZnCl, kpIradrap/ibl YMpUTIEd CAKTOO YUYH, aJl
OMH IIUHK, KYMYII cyabbumiepu ZnS + CdS TesiekopcoTyydy 9KpaH/iapisbl,
TYTYKTOPAY AaApA00 YUYH IaujajlaHbIIIAT.

Cemvian

CpIMaITBHIH aTOMYHYH TY3YJIYILY I-Ig ... Ds%0p°®5d'?6s?, ay MUHK

MeTajlJIbI ChISKTYY OMpHKMeJIepHH/Ie TYPYKTYY +2 OKUCTEeHYY lapaKacbhlH

KOpPCOTOT, CHIMANTHIH OKCH/IN, 'HIPOKCH/IHA, XJIOPH/H K. 0. Ty3aaphl OeJl-
IHJLYY:

HgO, Hg (OH),, HgCl, x. 6.

Ceiman 6aibIpKBI 3aMaHjlaH bepn Oesrusyy Merauijlap/iblH OMpH.
Bamka Merayuilap/iag adbIpMaJjIaHbIl, KaJ[UMKHU [IapTTa, ChIMAaIl CYIOK
TYPAOTrY 03ro4e0 »KaJIThIpaK »KaHa THIIbI3/ILIIEL dKOI'OPY MeTaJll.
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aparslasniura Ke3jaenryycy

KaparsLasliTa chIMal 3pPKHH abaya a3 Keajemnier, KoOyH4o Ou-
pEKMeJiep TYPYH/IO 60J10T: CyIbhull HgS:; cesennn HgSe; Tesutypup HgTe;
oxcua HgO; xaopupg HgCl, »x. 6. MuHepajijapAa Koll Ke3/[CLIeT. Kenupu
TapaJjiral KeHJIepuHeH HgS — KMHOBaph — ChIMAIl CYJbQHU/HA CHIMAITEI
OHJIYPYYYY Heruaru OyjiakTap/iblH OMpH.

AJIBIHBIIIBI

CpIMAIIThl, aHBIH KeHn KuHoBapjad HgS anpimar. Bya yayppa Cchl-
van 6yy TYPYH/10 60JIYHYII YBIraT, AaHbI My3/AaTKbIY Ka0ObLI aJIrbI4Tap/blH
yKap/laMbl MeHeH cyiok abajira aislas/IbIpbIIIaT:

HgS + 0,= Hg + SO,

MBbIHAH THIIIKAPHl TEMHP e KaJbIUH OKCH/AH MEHEH BICBHITBII,
Ta3a chIMaNThl ajayyra 00joT:

HeS + Fe = Hg + FeS;  4HgS + 4Ca0 = 4Hg + 3CaS + CaSO,

(Du3nKaAJIBIK KacHerTepu

CpIMall KYMYII CBIKTYY aK TYCTOIY JKaJIThIpaK CyIOK MeTalll,
38.84°C karyy abaiara erer, 356,95°Cae kapanr. Karyy abaabsiHja
WY, 9010JAryd MeTal. ChIMan MeHeH KOIl MeTaJlIlap aMajbrama-
japabpl naija Kpuibimar. ChIManThIH oyycy oro yyiayy OoJoT, arepje
OopraHM3M yyJjlaHca, OHOM MeHEeH YbIKIIAiT, KOIIKO YeHHH YYJIAHThII KYPO
6epeT, ONIOHAYKTAaH ChIMal MeHEeH OTO dTHAT MaMHJIC JKYpPryayy Tajan
KbLJIbIHAT.

XUVHAJIBIK KacHeTTepH

KaauMKH miaprTa Kyprak aba, Kb[YKbUITEK ChIMallKa TaacHp bep-
beiiT, OMPOK a3bIpaaK ©JI49OM/0 HBIMAYY abaHbIH ODOJIYIIY MeHeH CbhIMall
peaknuAra KApHUIl, ChIMAIIThIH 603 TycTOry OKCH/MH IIai/la KbljaaT. Jarep-
ne 350°Cre yeiMH BICBITCAK, ChIMall abaja KbI3BLJI TYCTOI'Y OKCH/AUH HgO
naitna kpwiat, agsl 500°Cre bICBITC2AK, Kalpa ’KOHOKOH 3arTapra chbIMall-
Ka sxkaHa KbIIKbLITeKKe akpipan kerer. CpiMan OMpHKMesIepruH/ie JlavbIM
+92 OKHMCTEHYY Japa’kachblH KepcoToT, OMpPOK, Kapa TYCTOrY ChiMal (D)
oxkcuan Hg,O nars: Oap oKeHJUT'" DeJIruJIyy:

350°C 500°C

»2HgO ; 2HgO

2Hg + O, »2Hg + O,

KaauMKH mapTTa chbIMall XJIOp MEHEH Hg,Cl, naiifa KpLiaT, aHaH
cBIMAITHIH xJopaauHe — cyiaemara HgCl, oetor.

CpIMan KYKYPT MEHEH JKeHHJI dJIe peakIusra Kuper. Hg + S = HgS
cysIbdhuaa naiaa 6osor. OMIOEAYKTAH ChIMAIl JKepre TOryiIyll KaJIraH y4yp-
jla KYKYPT MeHeH MIITeTHII, Ta3ajal ajblar. CeIMall cyy/la KaHa I11eJ109-
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TOPAO SPHOEHT, aT 9MI KHCJIoTajdap/ia 9PUKUT, CBIMANTHIH CaHbIHA JKapallla
aHBIH +1 ’KaHa +2 OKHCTEeHYY Zlapa’kachIH/larsl Ty3/ap/bl an/ia KbUIIIIAT:

Hg+2H,S0,=HgS0O,+S0,+2H,0; Hg + Hg(NO3), = Hg,(NO3);
3Hg+8HNO,=3Hg(NO,),+2NO0+4H,0

Ceiman +2 ceiManteie xjgopuauaae HgCl, coivan +1re yenuH Ka-
JILIOBIHA KeJieT.
Hg + HgCl,= Hg,Cl, (kairomeis) cyyaa opHOEeHT.

Ceivan OuMpMKMeJiepu

HgO chiManm OKCHAH capbl sKaHa KBI3bLI TYCTOrY 3aT, BICBITKaH/A
YKeHHJI 2JIe ChIMAallKa ’KaHa KbIUKbUITEKKe akpIpan KereT. ChIMalThIH
(II) oKCHAM HErH3IUK OKCH/JI, OIIOHJAYKTAH KHCJI0TajJap MEHEeH peaKIusi-
jlapra KHpHI, »KeHHJI 9pUH TypraH Ty3/1ap/bl naujga KbUJIbIIIIAT:

HgO+2HCl=HgCl,+H,0; HgO+2HNO,=Hg(NO,),+H,0

Cemvan (II) okcngu cyyza apubeiT, aj 1ejIo4TOpAO ChIMANTHIH TY3-
JapbIHBIH 3PUINHHEEH Iaija 60J10T:

HgCl, +2NaOH=2NaCl+HgO+H,0
Hg(NO,),+2NaOH=2NaCl+HgO+H,0

ChIMAIITHIH TY3/lapbl KAaTAJIU3aTOP KaTapblH/a KOITOIOH X UMM AIBIK
nporeccrepre Karsimar. Mucassl, cyjeMa aleTHIeH/in T’HAPoXJIOp/100/10
KaTaJIU3aTOPAVK KaCHEeTHH KOpPCOTOT:

CH = CH + HCl —H&CL

Ky4epoBAYH peakIUsChIH/IA ChIMAIl CY IbGU/IH HaiJalaHbLIAT:

> CH2 - CHC]

CHEIGHS R0 21850

» CH3COOH

Hg(NO,), ceiMan HATPATHI Cyy/la KaKIIbI 9PUMUT, BICBITKAHJA ChI-
man okcuarEe HgO yeitnH axkpipaiT. ChIMall KY4dTYY OKHCTeHAUPIIY 00JI-
POHAVKTAaH, aHbI Ty3JapblHaH aKTUBAYY MeTa JIJlapAbIH Kap/AaMbl MEHeH
KaJIbIObIHA KeJTUPHUII aJIbIIIarT:

Hg'*(NO,), +Zn°=Hg"+Zn(NO,),

CeIMall KOIYJIraH HeCTUIIHJIAepAN a’KbIpaThIll OMJIYY YIYH «ChIMAII
KY3TY» Jlell aTajIlraH peakIus Haiasasbuiar. AJ YIYH Tasa JKe3 ThIUbIH-
ABIH YCTYHO IIECTHUIIUIAHU cajica, ThIMBIH/BIH YCTYH/IO JKaJIThIparad CylooK-
TYVK 00JIYHYII YbIKKAaHbI KOPYHOT:

Hg %%+ Cu® = Hg? + Cu**
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CpIManThIH KOJJIOHYJIYILY

MerTasul TYPYH/IOrY ChIMAIl ap <YPAYY KypajfapAbl — KBapll Jamila-
JIapbIH TepMoMeTp K. 0. Kacoo/10 KOJIA0HYJIAT. Mucaisi, cysema HgCl,
AHTHCEINTHK »KaHa Je3MHE@eKIus Kacoody 3aT KaTapbl KOJAOHYJAT.
Cyzema oTe yyJyy 3ar, agbis 0,2-0,4 2 ajaM/bl 6JYMTI0 AyYIIaP KbLIAT.
HgS kuHOBaph KOOYHYO KBI3BLII 60K Kacoo10 naujjajjagbLIaT.

© § 3. Turan MOArpyNNachbIHbBIH MeTaJJJIaphl

ATOMYHYVH 2JICKTPOHAYK TY3YJIYIITY TOMOHKY/10M:

i (G ) .30 4s% Zr Ad?-5s% HE (G ) ..5d% 652

OH CHIPTKBI OpOMTACBHIH/A 2 3JEKTPOHY, ajl 9MH aCTBHIHKBI KaTMa-
peiEAa 2,6,2 2j1eKTpoHI0PY Oap. X UMHUSJIBIK peaKknusra Kupresje TH-
TaH, IAPKOHMI, raduaui 2,3 Ka/ie 4 2JICKTPOHYH Hepuir, OMpUKMesIepan
naina kpwiat. OIIOHAYKTAH ajlap OKMCTEHYY AapaKajaphl Me*™, Me™3,
Me*2 g kopcorymeor. TUTaH IoArpynIachlHarsl 3J1eMeHTTep/IuH 3H Ty~
PYKTYY OHpHKMeslepd OKMCTeHYY lapazkajlapel +4 60JI'OH y4ypy. THTaH,
MUPKOHUI xaHa ragHUN KaTyy adajblHAA KYMYIITOM aK, »KaJITbIpaK,
qoIoYaaK, MHMITYIIK, JKeHUII, KaTyy MeTa/1lap, KpUCTaLIIBIK TOPHO-
JI0pY MeKcaroHaJJIbIK skaHa 6opOopJIoIITYpYJIran Ky0 TypyHao 6oioT. Ka-
JUMKH IIapTTa Y900 TeH KOPPO3UuAra TYPYKTYY.

Turan

THUTaH 5H CHIPTKBI KAaTMapblH/a 2 JIEKTPOHYH JJIe bepbecTeH, ac-
TBIHKBI 3d? IeHr23 INH/Ierd 3JIeKTPOHYH 0epyyro KoHIoM/YY bonor. bu-
pukmesepuse Ti™?,Ti*?, Ti™ gerer OKUCTCHYY AapasKacChlH KOpCOTO ajar,

6UpOK +4 OKHCTEHYY /lapazKachl MEHEH TYPYVKTYY oupuxme. Mucaisl, Ti0,,
TiCl
4

HaparsasnnTra Kes/lenryycy

TuTaH ’KapaTbLIBIITA KeHUPH Taparas, ep KbIPTHIIIBIHAA 0,6%
KapMaJIbIIl 2KypoT. JapaThUIbIIITA TATAH THTAHOMAIHCTHH FeTiO,- nFeO,,
mwrbvenut FeTiO,, chern CaTiSiO, »xana pyTHil TiO,, Opyk#HT TiO,, anaTa3s
TiO, seres MuHepasiap TYPYH/O Ke3JleleT.

AJIBIHBIIIBI

Taza THTaHALI aJyYHYH O6Up Hede bIKMachl 0ap. Ajieresjie TATaH
(IV) OKCHAMH KOMYPTEKTH KaTHIIITBIPLIIN, XJI0P MCHCH MIITCTHIL, THTAH
TeTpaxJIOPH/IUH aJIbIIIaT:

TiO, + 2CL, + 2C = TiCl,+ 2CO®
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AHIaH KHMHAH, TeTPaxJIOPHUAJAHA LIeJOUYTYY e IejI0UYTYyy 2Kep Me-
TaJIapblH 00JIOTTOH »KacajIraH TYIOK MJHUINTE BICBITYY MEHEH Ta3a TH-
TaHABI asiyyra 60.10T:

TiCl, + 2Mg = Ti + 2MgCl,

By pIkMa Marsuii-repMHKajibIK Aen ataigat, 850°Cae umke amar.

KnriinHKH Ke3zep/ie TUTAHABI TUTAH KeH/IepPHH MO/00 BIKMachl Me-
HeH 6aibIThIn, 1800°C yuma KeJireH TeTparnoaH UIH BOJIb(paM BICBIK KHOH
apKbLIVY TePMHKAJIBbIK AUCCOIIHAIUA KYPry3Yy MEHEeH KOIl caH/la OHAYpPYI
aJIlyy MYMKYHYYJIYI'YH IaujlajlaHbII »KaTbIIIAT:

Til, 2 Ti + 2L1

4

Du3MKaJIbIK KaCHeTTepH

THTaH KYMYIOI TYCTYY aK, »KajITbIpaK, HMMJIYIIK, sKEeHUJ, OUPOK Ka-
TYV MeTajuJI. THTaHIbIH reKcaroHaJIIbIK kaHa 6opbopJiomuTypyJjraa Kkyo
MoauuKanusapsl 6esarminyy. Turan 6amka MeTaijapra cajJblIThIP-
MaJIVy KeHHJI MeTajlIflapra KHpeT, ThIrsI3ABIrsI 4,49 2/cm®, 20°C omroa
9Jle y4yp/Ja KBIMBIH/BIK MEeHEeH 3pyydy KaTyy merasul, apyy t."=1677°C,
KaHOoO t: = 3277°C, Koppoausira TYPpyYKTVy 00JI0T, aJJIOMUHHMI CBIAKTYY
KabbIK4ya MeHeH KallTaJIl'aH.

XHUMHUSIBIK KHCHeTTepH

THTaH KaHMKH TeMIIepaTypajia KOppo3usara TYPYKTyy, aiavu 610°C
KBIYKbUITEeKTe KyHoT. TuTan Maljajadran adajJblH/la CYY MEHCH peaKIlnsi-
ra 700°C — 800°C kupHIl, CYYTEKTH CYPYII UYbITaT:

eI HE O==CC=SD ;6 ELOH )

Turay 6apAbIK rajoreHaep MeHeH aKTHBAYYJIYIYHO »kaparra 150 C-
400°C peaknusira KHpHII TeTpa raJIoreHuJiJiep/ia mamjga Kbuiar:

150°

Ti 21, SEIGIE 75 M a0 gt WS Sy T

A avmu 700°C — 800°C TuTaH a30T, KYKYPT, KOMYPTEK, (hochop Me-
HeH apaKeTTeHHIIeT:

: . 700° :
Pippe 2990  mip. Ti+2S » TiS,

CyroiTyjrag KucjoTajlapAaH CYYyTeKTH CYpPYII YbIrapar:
Ti + 4HCl — TiCl, + H,

Turan najapimna aparblgjla dKaKIIbl 9PUUAT:

3Ti + 12HCI + 4HNO, = 3TiCl, + 4NO + 8H,0
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TurasIbIH KOJJIOHYJIYILY

JleHu3 cyyCYH/Ia KOJJIOHYJIYy4y Kypalap/bl sKaCO0JI0, ap TYPAYY KyH-
MajiapAbl a1yyja, aba yIaKTapeIHbIH, 1€HA3 KeMeJIepHHHMH, BaroHA0pAYH
TeTHKTePHH TUTAaH MeHEeH KalTooJl0, JIEIHPJICHICH fosor anyyaa ((pep-
poruTad (heppoKapObOTHTAH, (heppOCHIIMKOTUTAH K.0.), MHHEPAJ/IBIK aK
HOEKTY J1asAp/l100/10, 630490 KaTYy KyiiMaiapbl: Kapoua, HUTPH/, OpoMuU/l-
Jlep¥ MeXaHUKAJIbIK KaKTaH TYPYHITYK 6epyyuy, Kecyydy, Oyprypiaoody Te-
THKTepAX Kacoojo naiigasagpIaT. THTAH XJIOPHAH TiCI, axTeIHABL,
KYMYIITY, CHIMAIIThl KajblOBIHA KEJTHPYY YHYH, aj] MU TATAH HUTPH]IH,
kapbuau TiN, TiC ere Karyy, faaJIyy TalITapAbl KBUIMAIO0/A0 KOJIOHY-
sar. Turag KapOu/AuHeH TY30TYY4dY aniaparrap, 3JIEKTPOJIOP »Kacajar.

§ 4. Xpov mOArpyniacsIibli MeTa IIapbl

XpoMm, MosIub/ieH, BoJb(paM aTOMAOPYHYH 3JIEKTPOHAYK TY3YJIYIIY
TOMOHKYYO:

Cr ..3d%4s'; Mo (G2 ) -.4d*5sh; W .5d46s?

X poM MeHeH MOJIMOeH/IHH 9H aKbIPKEI KaTMapblH/a OMpJIeH dJIeK-
TpoHY 6ap, acTHIHKBI KATMapbIH/A 2.6,5 2J1eKTPOH JKaframKkas. AJl 9MHA
BOJIL(pPAaM/IBIH 3H aKBIPKBI KaTMapbIH/la 2 3JIeKTPOH, aCThIHKBI KaTMa-
pbIEAa 2,6,4 2JIeKTPOH KaUTallKaH. XUMHSUIBIK peaKIIuAra KHpres y4iy-
pVH/a XpoM, MOJIHO/IeH, BoJIb(hpamM OMpPUKMeJTepuH/e 2,3,4,5,6 BaJIeHT-
TYYJIYKTY KOPCOTYIIIOT. XPOM MOArPYIIIAChIHAATEl dJIeMEeHTTeP Cr, Mo, W
KaTyy, KaJIThIpaK, JKOTOPKy TeMIepaTypaja OaJIKbIII 99pHUHU TYPraH Me-
Tasiiap. BEPOK XpoM MOJIHO/leH MEHEH BOJIb(hpaMra cajblIThIpMaIyy
MopT, YOOI0HMO KeJleT. Mouiu61eE KaTyy 00JITOHY MeHeH KaKIIbl Kb
MaJIAHBIIL, YKOTOPKY TeMIlepaTypaja ajJ KaHJI00ro, Yoioyra 3JIIeK KeJleT.
BossdpaM 6ap/blK MeTaJIIap/blH HIAHEH 0TO FKOrOPKY TeMmIleparypara
rypymTyK Geper, 3410°Cze opuitT. XHMHAIBIK AKTHBAYYIYTY foroHYA
XpOM IIOArPYIIIACHIH/ATEl 2JIEMEHTTep TOMOHKY AKTHABAYYJIYKTY KOpPCO-
tymeor. Mojiub/ieE MeHeH BOJIb(PAM XPOMI'0 Kaparasja KakbIH]IbIT'b] bap.
TabusiTTa OyJI 3JIeMEeHTTEep KajlaH raHa oupukMesep abaJIbIH/IA Ke3/lCIIeT.

Xpow

Drepje TYYpa HPETTYYJIYKTOrY dJICKTPOHAYK TOITYPYY ’KYpCO, ChIPT-
Kbl KATMapPBIHBIH 3JIEKTPOHAYK (DOPMYJIaChl 3d*- 4s? bonmok. Jlemex, Ba-
JIeHTTHK KaTMAPHIHBIH GUP 2;1eKTPOHY STEH dra TYy MYMKYHHYIIYTYH KOJI-
noHYI (XapbIMbI OUpJ/IeH dJIeKTPOH MCHEH TOJITYPYIATaH), HIKH KaTMap-
ra oTYI KeTKeH ja, 3d°- 4s' opmyjIachlHa 39 ooty Kaiarad. OIoHAYK-
TaH XpoM OHMpHKMeJIepHH/Ie Cr*! . Cr2, Cr*3, Cr*4, Cr*®, Cr'® okuCTeHYY
Jlapa’kachlH KODCOTO ajaT, OMpoK +1,+4,+5ke bapabap 60JIroH OKHUCTEH-
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reH abajijapblHBIH OMPHKMeJIepH TYPYKCY3 O0JIroHIyKTaH, XpoM +2,+3,+6
OKHMCTEHYY Jlapakajlapbl MEHEeH TYPYKTYY OMpHUKMesepa 6epHIIeT: Xpom
(II) okcuan, xstopuau xkaHa xpom (III) okcuan, ruaporcugu CrO, CrCl,,
Cr,0,, Cr(OH),, CrO,, K,CrO, x. 6. bupukmesiepu 6earniyy.

Rwd?

JKaparsumsinra Kesgeuryycy

XpoM KapaThUIBIIIITA KEHHPH TapajraH 3JIeMeHTTepJAuH OupHuHe
kuper. KeHjiepiuH KypaMbIgia Oupukmesiep abaiasiaga 60s10T. OH KeHH-
PH TapajilraH KeHJlep TOMOHKYJIOP:

FeCr,O0, — xpomut, Mg,Fe Cr,0, — marnoxpomur, Fe(CrAl),0,— axro-
moxpomuT, PbCrO, — kpokour xana Cr,0,— XpoM oXpacel TYPYHAO
Ke3Jleler.

AJIBIHBIIIBI

XpoM eHep KaHjla 3JeKTP MelIHHJe XPOMYY TEMHUP/IH KaHa XpOM
OKCHJIMH KOMYp, KOMYPTEK, aJJIOMUHUNA MeHeH KaJbIObIHA KeJTUPYYAOH
aJIbIHAT:

Cr,0,+ 2Al = 2Cr + ALO,
FeCr,0,+ 3C = Fe + 2Cr + 3CO
FeCr,0, + 2Al = Fe + 2Cr + ALO,

DusuKaJIbIK KacHeTTepH

XpoM aK, KaJTbIlpaak MeTaJUl. AHBIH THIIBI3/ILITBI 7,2 2/cm*, apyy
remneparypacsl 1903°C, kaitHoo Temmeparypachl 2570 C. Xpom abaza
CBIPTBIHAH KYKa KaTMap — XpOM/IVH OKCHJIA MEeHeH KalTaJbll KajaT, 0y
aHBIH aHJIaH apbl OKUCTEHUIITMHEH CaKTauT. XpoMIo KOMYPTEKTH KOIII-
COK KaTYVYJIVK callaThl XKOropyJjiauTt, 6Mpok mMopT, ybeseHryd 6oayn kKa-
JlaT, OMIOHAVKTaH fOammka MeTajrjlap MeHeH KyuMajiapbl KeHUPH aJIbIHAT
KaHa KOJIJIOHYJIAT.

XPOM/IYH XMMHUAJIBIK KaCHeTTepH

XPpOMJIVH CBIPTKBI OeTHH/Ierd DaiislaHbIIITapra KaThbIIIIand KaJiraH 2JIeK-
TPOHAOP 0OIII BaJICHTTYYJIYK OMp/IMKTep/ M I1ai/ia KbUIPaH/AbIKTAaH, aHbIH OeTH
abajia ’XyKa OKCHIMK KaObIK4Ya MeHeH KallTajaT, OIIOH/JYKTaH DeJIMo TeM-
[epaTypacbigjia (Top/ioH 6alIka 3aTTap MeHeH peaknusara Kupbeur. blcort-
KaHJ/Ia XpOM Tepc JIEKTPJIIYY dJIeMeHTTep/IMH /I99pJIuK baapAbIrbl MeHeH apa-
KeTTeHHUIIINII, HOHAVK KaHa VIOJJIVK OUpUKMesiepiy naijia Kpuiar:

2Cr + 3F,= 2CrF, 4Cr +30,—* , 2Cr,0,
2Cr'+3Cl—=— 2CrCl. PCrr 35t 1 GG

An sMm XpoMAyH +2,+3 KaHa +6 OKHCTeHYy caHJapbIHAa XpOM
HEeru3jiuK, aMpoTepJHK »KaHa KACJIOTAJIbIK KacHeTrTepre 33. by kacuer-
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Tep MOHJYK pajiiycTapra Ko3KkapaH/ibl HOJTOHIYKTAH YIYHUIY Me3THJIJINH
3JICMEHTTEPUHE CAJBIIITRIPMAYy Kapall KOpoJly.

0 0 0
Mg*2 0,78 A  AI'® —0,57TA; st6 _0,30A
0 0
cr?_081A  Cr’ —0,64A Cr'® —0,35A
Mg(OH), Al(OH), H,SO,
Herus amdoTepavK Herm3 Kucnota

YVmysjaau aJie paliycKka 39 60oJIrOH XpoM ODMpHKMeepd KOpPCOTYJI-
roH10i KacueTrTepre 33 OOJIOT:

Cr(OH)2 + Cr(OH)3 Cr(OH)ﬁ we HZCr()d
Hern3 amboTepanK Herus Kucnorta

CrO Cr,0, CrO,
Heru3auk amcoTepaunk KUucnoranbiKk OKCWA

Xpom DupUKMeIepH

Xpom rpexyde «DOEK» JlereH/i TYIIYH/YPOT. YpIH/BLITBIHA 2J1e XpoM d
3JIeMeHTTepMHHUH KaTapblH/Ja TYPYII, 9JICKTPOHOPYHYH TY3YJIYIIYHO bLIA-
MBIK 7KapbIK HYpPJIapBIHbIH Kail 6up Y3yHAYKTAPBI JIeKTP-MariUTTHE TOJI-
KYHJapblH TaHJall CUHHDYY, TYCTYY MOHIOPAY Naijla KbUIYyYy MYMKYHYY-
jyry bap.

xpowm (II) oxcuam xpom (II) rugpokcuamn XpOMaTHOH

CrO — kapa Cr(OH),— »xauibLI Cro ;2 S ape
xpoMm (III) oxcuam xpom (III) rmapoxcnan KM XpOMaTHOH
Cr,03— »KanmbLl Cr(OH); — 6030MTYK KalllbLI Cr,0O7 % KBIBrBUIT

Xpom (II) okcmau Kapa TYCTOTY [TOPOIIIOK, HEru3JIMK OKCHJJepre
kupet, ara Cr(OH), ragpoxcu/i putaibik. XpoM (II) repokcH/IHH aHBIH
Ty3/apblHA N1eJJ0YTOPAY KOIlyy MEHCH aJIpIIIaT:

CrCl,+ 2NaOH = LCr(OH), +2NaCl

[Taitna 6onron xpoM (II) ruIpoKCH/IMH SKHATE Gos1yn ajiblll, OMpHUHE
KHCJIOTAHBI, DKMHYHCHHE [I[eJIOUTY Taacup JTCEK, IEeJI049TO spubent TYp-
raH/IBITBIH KOpO0Y3, JIeMEK XpoM (11) rEIpOKCA/IM HETHU3, ajl IMH XpOM (II)
OKCH/IA HeI'H3/IHK OKCHJylepre KUpeT. Xpou (II) xsopumu CrCl, KpucTayL-
JBIK 3aT, HBIM/IbI, CYYHY TapThII ajlyyra sxorgeMayy 6osor. Cyyaarsl
KaHBIKKAH 9pPUTMECHHEH KOrYJTYP TYCTOrY CrCl,- 4H,0 KpuCTaJLIOIAA-
paT naija 6o0;10T. XpoM (I1) x;1IOpHAMH XpOM MEHEH TY3 KHACJOTACBIHBIH
apaKeTTellYYCYHOH anja 60JI0T. Drepjie KACI0Ta alllbIK4a ajlblHCa, IPUT-
Ve/ler'd CYYTeKTHH MOH/IOpY MeHeH OKHCTeHHI, xpoM Cr?-Cr** oxuc-
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TeHYY flapa’kachblHa OTOT. JJIEKTPOH/I0H OMpUHEH OJKMHIHUCHHE KbLIYYTa
YKOHIOM/1YY DOJIOT:

Cr+2HCl = CrCl +H,; 2CrCl,+2HCl = 2CrCl,+2H, .

XpoMm Cr® 6upurMesiepu 6Mp KblijIa TYPYKTYY KaHa KOII TapaJ-
raf. Ty3aapbIHbIH 3pATMe IepH KambLl TYcTo 6o10T. XpoMm (111) oxcnann

ﬂaﬁopaTopHH,ua TOMOHKY peaKIAsjiap /bl naﬁna.:lanbm aJIbIIIIAaT:
tC
4Cr + 302

t°C

— 2Cry03

Xpowm (VI) okcuau CrO, TabuATTa «XpoM 0Xpachl» JIereH aT MEHCH
Keanenier. JKanbLI TyeTe 60J10T, TYCY TYPYKTYY O0JroHAYKTaH DOCK Ka-
Tapbl KOII TapMakTa Kojjonyjaar. XpoMm (I1I) okcuamHe KOTYII e Ka-
mbL1 Tycrery Cr(OH), xpom (I11) ruapoxkcuan Tyypa Keiaer. lllerxous,
cojla MeHeH peaKIAsAJaHbIIIaT:

Cr,0,+2KOH=2KCr0,+H,0  Cr,0,+Na,C0,=2NaCr0,+CO,

XpowM (III) Ty3gapbsiHa MeJI0YTOPAY TaacHp 3TYY MEHEH XPOM (I11)
IH/IPOKCH/IU aJIbIHAT:

CrCla-!-3;\"aOI-I:¢Cr(OH)3—2--3NaCl
XpowM (III) ruapokcuan aMmpoTepAMK KacueTke 23 60JIOT:
Cr(OH),+3HCI=CrCl,+3H,0; Cr(OH),+NaOH=NaH CrO,+H,0O

Xpowm (III) rEApOKCHAXH BICBITCA, KYPAMBIH/Arbl CYYHY JKOrOTYII
xpoM (III) okcuuHe aistaHaT:

2Cr(OH) 3 —°

> CI‘203 2t 3H20

Xpom (III) xsmopuam CrCl, cbisi KBI3BLI TYCTOTY KPHUCTAJLI/ABIK 3aT.
Ansl 600 C xpoM MeHEeH XJOpPJAYH TY3JIOH-TY3 KOIIYJIYIIYHaH ajayyra
DoJ10T:

2Cr + 3(312 HUE > 201‘013

Omonou ajie xpoMm (III) okcuprHe KOMYp »KaHa 700—-800°C bICHI-
TBUITaH XJIOPAY Taacup 3TYY MEHEH XPOoM XJIOPUJUH ajiyyra 60JIoT:

Cr,0,+ 3C + 3Cl,= 2CrCl, + 3CO

XpoMm (IIT) Ty3zapsl KON KarblHaH ajJIOMUHAM Ty3AapblHa OKIIOII
6osymrar. Cyyaarsl apuTMesiepuljie rujiposiuare yaypait. Xpom (I11) on-
PHKMeEJIEPH CBIIKOK TYCTO 00JIOT, arep bICBITCA, KAIIBLI TYCKO OTOT, aJl
MM My3/laraH/aH KMUHMH OalITalKbl CBIAKOK TYCYHO KejeT. TycToOpaAYH

13-36 193



MBIH/Iai1 03repyycy TY3/AapAblH THAPATAIUACKH! ap TYPAYY TYCTOTY H30Mep-
Jlep/i¥ Maiiia Kbljla ajat fiereH TYUIYHYKTY ITak/ia KbLiaT.

[Cr(H,0),]CL,; [Cr(H,0),ClICl,; [Cr(H,0),CLICl- 2H,0 .
CbIAKOK KOYKYJ1 XallblJl ady4blK XallblSl

X poMAYVH MaaHHIYy OMpUKMeJIepUHIH OUpH XpoM (VI) oxcuau CrO,
xaHa aHbIH KuciaoTanapsl: H,CrO,— XpoM KHCJI0TACH, H,Cr,0,— nuxpom
kucsotdchl. XpoM (VI) okcnan CrO, KYpeH KbI3bLI TYCTOr'Y KHCJIOTAJIBIK
OKCHJ, 6TO YVYJIVY KPUCTAJUI/IBIK 3aT. AHBIH XpOMaThIHA JKaHa IHXpoMa-
TBIHA KYYTYY KHCJIOTAJap/bl TAaCKp 3THUI aJIbIIIaT:

K,Cr,0. + H,S0, = 2CrO, + K, SO, + H,0 .

Xpowm (VI) oKCHAMHUHE cyyAarsl 9)pAreHNHe jKapalla caprbld KbI3bLI
JKAHA KBI3bLI TYCTOTY, KbIUKBLI /laaMbl 6ap opHTMeIepAH, 0.a. KHCJIO0Ta-
Jap/bl naujia KbLjIarT.

H,CrO, — MOHOXPOM KHCJIOTACBI; H,Cr,0, — AuXpoM KHCJIOTACEHI
H,Cr,0,,— TPEXPOM KHCJIOTACKI; H,Cr,O ,— TeTpaxpoM KHCJIOTACHI

Xpom oxcuau CrO, KydTyy OKHCTeHUPIrud. Ara opraHMKaJIBIK CIUPT-

TH KYKYDPT KHCJIOTACHIHBIH KaTBIYYCYHJA KYHIY3OT, peaknus KYITYY
’KapbLIyy MeHeH >XYPOT:

4Cr0, + C,H,OH + 6H,S0, = 2Cr,(8S0,), + 2CO, + 9H,0

XpoM KHCJIOTAJIapbIHBIH IIEJI0YTYY MeTa/UIAap KaHa aMMOHHU MOHY
MeHeH maiaa 00JroH Ty3Zaphl cyyia »KaKIIbl, ajJl 9MHA KaJraH MeTaJlI-
JapAbIH Ty3aapsl cyyaa Hadap apumer. K Cr,0, KaJIM IUXpOoMaThl KYYTYY
OKMCTEHAUPIrHY KaTapblHAA XMMHUSAIBIK TEeXHOJOrHfAZa KeHUPH KOJJI0-
HyJIaT.

KzCl'zOz =t 3N32803 it 4H2804 = CI'2 (804)3 + 3NaZSO4 e KzSO4 + 4H20
Byl peakIisi Kb[YKbLI YOUPO/O XKYPOT. Kanu¥t nuxpoMaThIHBIH KbI3-
reUIT capsl Tycy Cr'® MOHYHYH HerusuH/e Kallbll TYCK® OTOT. IIlnxpo-

MaTTap OINOHOM 3Jie MOAMJ KaHa OpoMuJlep/iIM IPKHUH rajoren/iepre
YyeMH OKHCTEeH/UperT.

K,Cr,0; + 6KJ + TH,SO0, = Cr, (SO, ); +3J, + 4K,S0, + TH,0
JluxpoMarTap 6poMIyy CYYTeK MEeHEH peaKIuAra KHpreu/e KbI1Kbll
qoiipe TY3YYHYH KaKeTH Kok, cebebm HBr xmcioracsl KaJIbIOBIHA KeJl-
TAPYY4YY YOUPOHY 03Y TY30 aJIaT:
K,Cr,O;7 + 14HBr = 2CrBry + 3Bry + 4KBr + TH,0

Kosyronyiynry
XpoM KaTyy, aHbIH YCTYHO TYPYKTYY OKCHIAJIMK kaObIK4YaHbl Iau/1a

KBIJITaHABIKTAH 2JICKTPOJIHU3 BIKMAachl MEHEeH MeTalJIlapAbl XpoM/100/10
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KOJIZIOHYJIAT, TEMHUpP apajalllkaH KyMMachl JKOTOPKY canaTTarsl gaT bac-
narad 60JIOTTOPAY OHAYPYY YIYH TeMHpre KomysaT. Kendyiayk OMpHK-
MeJIepHHJIe a4bIK »KaHa TYHYK TYCTY OepreH/INKTeH, XpoMaTTap MeHeH
6uxpoMaTrTap/iad aHMJIMH 60oeKkTopyH agbimar. XpoM (IIT) okenau Cr 0,
kuTen 6acMachlHAa, ochop MeHeH aMHEeKTH KOrYJITYpP TYCKe 0oeojo
KoJiloHyJaT. dapaTsuIblnTa Ke3/ielyydy KkopromyH xpomatsl PbCrO,
capbl KYPOH, capbl 60eKTOpAy AasgpAoo YUYH IaijajaHbLIaT. XpoMar-
Tap, AAXpOMAaTTap TeXHMKaja, TepUHHU HIITETYY/O, TEeKCTHUIb, OOCK,
hapMaleBTHUK OHOpKaap/la KeHUpH KoJJJoHyaaT. «Huxpom» — Xpom
MeHeH HUKEeJIIAH «XpoMaJib» JlereH KyuMajlap/lblH KapIIbLJIbIKTaPEI 0TO
sKoropy 60JroOHAYKTaH ajlap/ibl ap TYPAYY BICBITYY4YY IPHOODJIOPAY 2Ka-
C00/10, OHOP?KAaM HIITEepHUH/e bICBITYY4Y 2JIeMeHT KaTapbl KOJJOHYJIAT.

Mo.mbaen

MonubaeH aTOMYHVH Ty3yiayiny xpoMaykyHa okmom. d AO Gem
s4eifkackl GUpJIcH 2JIeKTPOH MeHeH ToJIroH. Bupukmenepunie Mo, Mo*?,
Mo*¢, Mo*®, Mo"® okucTeHYy apakajlapblH KOpcoToT, OMpoK Oyiiap/ibIlH
WYMHEeH TYPYKTYY OMpHKMEHH OKMCTeHYY Aapaskackl Mo'® 6oJroHnopy
namjga Kpljiaar.

Kaparsumsnnra ke3jgenryycy

Moaub/ieH KapaThUIbINITA AUCYJIbbUA, Moaubaar, okcuaaep »x.0.
abanja yaypair. #Haanse! sxep kpipreimbigga 0,001% esruemMyHno Kese-
[1er: M::rS‘,2 — MoJInOIeHUT, MoambeH Kon kapMmairaH 60% »xapaThbliIblln
muHepanbl. CaMoO, — masesutut, Fe(MoO,), - 7,5H,0 — moimbyer oxpa-
cel ke deppomonubaernt, PbMoO, — ByiabbheHUT K. 6. MHHepaJ/iapbl
besrmiyy.

AJBIHBIIIBI

MonubseEan anyy Y4YH aHBIH KeHJepHH OaWbITHIN, aH/[aH KUUUH
aHBI CYYTEK MeHeH KaJIbIObIHA KeJTHPHII aJIblliarT:

2MoS,+ 702=2M003+4SO ;

Moaunbnen (VI) okcu/IMHE cyyTeK MeHeH BICBITBIII KajlblObIHA KeJl-
THPYY 9KH DAaCKbIY MCHEH »KYpOT:

M(}03 3 H2 600-700°C
MoOjy +2H,

> MoO, + HyO
> Mo + 2H,0

MoO, (VI) oxcHiME MeTa/LIOTePMHUKAJIBIK bIKMa MEHEH KaJIbIHH,
MAarHuy, aJIOMAHHAHN, IIHHK »K. 0. /1a KaJIbIObIHA KeJITUPUII ajIbIIIaT.

MoO5; + 3Ca = Mo + 3Ca0 MoOj; + 2Al = Mo + Al,04

Omon101 3jIe KpeMHHM, K0OaJbT, KOMYPTEK MeHeH Ja KajJblOblHa
KEeJITHPHII MOJIMO/ICH/IA aJIbIIIAT:

2Mo0O4 + 3Si = 2Mo + 3Si0, MoO; + 3C = Mo + 3CO
195
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MOu3uKaJIbIK KaCHeTTepH

MosinbieH KYMYIITOM aK TYcTOry MeTaslJl. MosiubieH rekcarotHall-
ABIK »xaHa 60opboOpJIOMITYPYJITraH Ky0J YK KPHUCTAJNJJABIK TOPYOAOTY
TY3YJIYIIKO 99, ajl 00p MeTajLjjlapra KUper. Toireaasirsl 10, 22 2/cm®,
3pYY TeMIlepaTypachbl 2610°C, a1 9MH KaWHOO TeMIIepaTypachl 4830 C.
DIEKTP TOT'YH OTKOPYMJIYYJIYI'Y HUKeJb, IJIaTUHA, TEMUP, cbIManTap/iaH
»yKOoropy TypaTt. Moymb/ieH OHOM HHIJIET, YOK0JIAT, HKEHHIII HUKeM/IYY IITaM-
TOBKasIataHTa, CO3TOHI0 K. 0. MEeXaHMKAJIBIK KacHeTTepre 99 O0JIroH
veTasul. Bamka Merasuiap MeHeH OOJI'OH KyuMMaJlapbl KOII, J99DPJIHK
Hap/bIK TapMaKTap/ia KoJIJJOHyJIaT.

XMV HAJIBIK KaCHeTTepH

BoJsime TeMIepaTypachlHa MoJIuO/ieH TYPYKTYY KaCHETKE 39. TeMm-
[epaTypaHsbl 500°Cre yeiiH bICHITCAK MOJINO/ICH KbIYKBUITCK MEHEH OHOH
peakMsjiaar:

Mo + 30, — 2 5 2Mo03"

MosinbjieH ©3YHYH OMpHKMeJIepruH/Ie +2 . +3, +4 , +5, +6 xereH
OKMCTEHYY JlapaskachlH KOPCOTO ajiar, bupox 6ysnapibie +6 MeHeH DOJITOH
GUpHKMeCH TYPYKTYY 0osror. MosudieHau 700-800°C cyy byycy MeHeH
apakeTTeH/IMpHUII, ajiereHjie mosinoaes (I1V) okecnjuue MoOz, aHJIaH apbl
BICHITYVHY yianTkaHAa MoO, Moiubd/en (VI) okcuiiHe OTOT:

Mo + 2H20 O

» MoO, + 2Hy

MoO,, + Hy0 —2-8%% ,Mo0; +Hj

Mosiu6eH rajioreHjiep MeHeH aKTABJIYYJIYTYHO JKapallliad ¢rop MeHCH
60°C, Kajragjapbl 60—-800"C XHMHASIBIK PEaKIAATa KHPeT:

60°C 300°C

Mo + 3F, > MoK 2Mo + 5Cl,y » 2MoCl;

600°C

Mo + 2Br, , MoBr, 6Mo + 61, —2%C >[MogI, |1,

Moub1eHre )KOoropKy TeMilepaTypanbl 0epyy MeHeH MoSe — ceJie-
aujg, MoTe, — TesLIypu, MoS, —cyabduj, Mo, N — HATPH/L sx.0. manja
KBUIYY MEHEH JKYProH peaKIuAra Kupe ajar. BosiMeo TemneparypachblH/a
HCl, HF, HNO, krciioTajlapblHbIH 9PUTMEIEPUHE TYPYKTYY Kesier. lla-
ABIINA aparblHja jKaHa KOHIIeHTPaIlisACHl ZKOTopy 60JIMOH a30T KUCJIOTA-
CHIHJIA DPHUMUT.

Mo.mb/1en OMpuKMeIepu

Mosubaenara +2, +6ra 4eiiMH OKHMCTEHYY /lapaKachblH KOPCOTKOH
EpUKMesIepHr Koll, OMpoK 0u3 vos1abj1eH +6 TYPYKTYY OKHCTEHYY /lapaza-
ChIH KOPCOTKOH OMpHKMeJIeprHe TOKTOJIYII, KaCHEeTTEpUH kapaibn13. MoO, —
KHUCJIOTAJIbIK OKCHJl, ara H2M00 , KHCJIOTACHI BUIAMBIK KeJjleT KaHa KOoM-
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IJIeKeTYY OmpukMestepau naia kpuiar. Moaubaen (VI) okenjm MoO,— oTo
KOIl TYPAYY TYcTy Oepe ajaT — ak, capbl, caprsld KbI3bLI, KbI3BLI, KYPOH
YKaAIbLI.

Moaub6aer (VI) okcHAHR II[eJOYTOP MeHEeH peaKIUsAra KHPHII U30-
MepJIYY KOMILIeKCTHK OMpUKMeJIepUH Haijla KbIIIyyra KOH/[OMYY KeJIeT:

MoO, +2NaOH=Na,MoO +H 0
3Mo0,+2NaOH=Na,[Mo,0 1+H,0

Mosmbaern kuciaorackl H,MoO, — ak TycTory KpHCTaJJIABIK 3arT.
MoaubaeH KHCJIOTACBIHBIH 3KH MoJHbHUKanusckl 6ap, capel — JHUMOH
TYCTYYCY, CYVy/la Hauyap 9PUUT; 9KMHYUCH KOTI'YJITYP TYCTOrYCY Cyy/a KaK-
bl 9puiT. [IlenouTop MeHeH OeJIrMiIYy KaThIITA apaKeTTeHUIIIAII, MO-
aubpaTTapbelH maiga ksuiat, Mucaisl, CaMoO,(NH,),, MoO,, PbMoO,,
Hg,MoO,, CuMoO, - KaJIbIIAM, AJJIOMHHHMM, KOProOIIyH, ChIMall >XaHa
’Ke3 MoJubaTrapsl.

Kostonyarynry

MoanbaeH KoOyHYO KyHUMajlapAblH callaThIH XXOropyJaTyy MaKca-
ThIHJA HDaujgajdaseIaT. MosIubleHIUH TaHTAaJ ’KaHa IJaTHHA MEHCH
Ky#iMachbIHaH jJabopaTopusaja NaulajlaHbLIYY4y HAHUIITEDAH XKacanlar.
Taza Mmoau6aeH 3JJeKTPOHAYK JlaMIla, bICBITKBIY aHOJ[, CeTKa, KaToJANy
’KaHa bICBIKKA YbIaM/IVy 00JIrOH KapMarsluTap/Abl »KacooJ40 KOJIJIOHY -
nar. Bupukmenepunen (NH,). Mo O,, - 4H,0 6yx KpucTa/JIOrHAPaTThIK
3aT (hochop KHUCJIOTACLIHLIH CAallaTThIK aHAJHU3HWH XKYPry3yy YIYH pearesT
kaTtapsl koagonyaaT. Moiaubzen (VI) okernan MoO, aupbsIM MeTa/1Jap/ibl
aJIyydy peaknusulap/ia KaTajJm3aTop KaTapbl KojloHyaaT. MoubieH Kory —
Mo,0, - 3Mo0, 60€k KaTapbl KEHUPH KOJIIOHYJIAT.

Boianhpam

BoJibhpaM aTOMYHYH TY3YJIyIly MOJHO/ICH KaHa XPOMJIOH abIipMa-
JIAHBII 9H aKBIPKBI KaTMapbIH/ia 2 9JICKTPOH, aCTBIHKBI KaTapblHja 2, 6,
4 3JIeKTPOH KauramkaH. By ajlemMenTTe Ala d aTOMAYK OpOHTAa b »Ka-
PBIM TOJYI OYTKOH 3Mec, OKACTEeHYY JlapaKachl 03roepyjamoiyy +2 +3,+4,
+9, +6 b6oJIoT.

JKapatsuisnura Ke3/IenmInm.
Bosibhpam TabmsitTa 3pKkuH abanja keagemieur. HerusmueH BoJIb-
dpamur FeWO, MnWO,, meeaur — Ca WO,, mmoasnur — PboWO,, dhep-

PUTYHIHCTHT K.0. MUHepaJiap TYPYH/O Ke3/clIeT.

AJIBIHBINTBI

Bosibthpam/ibl aJIVYHYH BIKMaJIapbl KOTOpy/la XpoM MeHeH MOJIu0-
JICH/IM aJITaH CBIAKTYY 3Jie. dlaparTbuisliniTarsl OMpAKMesIepyuH KYUTY3YII,
aJIBIHTaH OKCHJJICPHH CYYTeK, KOMYPTEK, KOMYPTEK OKCHJJIePU MEHEeH ke
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MeTALIOTCPMHUKAJIBIK BIKMa MeHeH KaJjblOblHa KeJITHPYYAOH aJbIIIarT.
JKapaTbuIblin MUHEPAJIb] HICeJIATTH CaWO, ambIk4a ajJblHIaH KOHIIEHT-
paluAJaHrad Ty3 KUCJI0TAaChl MEHEeH HIITEeTKeH/ e KaJILIAH BoJb(pama-
Thl BOJIB()pPaM KHCJIOTAChIHA OTOT, aH/IaH WO, anpraar:

CaWO, + 2HCl=H,WO, +CaCl,; H,W0; ———>WO; +H,0

Boasdpam (VI) okcHinHEH 860°C — 920°C cyyTexk MeHEH KajblObIHA
KeJITUPYY MEHeH Ta3a BOoJb(paM aJbIHAT:

250°C

WO, + 3H, VW +3H,0 WOz +3¢—29C , W +3CO

WO; + 3CO—> W + CO,

dU3MKAIBIK KACHeTTepH

BosbdpaM — aK TYCTOT'Y OOp METaJLJI, THITBI3/IbIIbI 19,3 z/cm?, BpyY
TeMIllepaTypachl 3400°C , xaitHOO TeMIlepaTypachl Dap/bIK MeTaJlJI/lap/bl-
KBIHAH koropy 6os0T — 5930°C. Kpucramiasik Topuocy 60poopromTy-
pyjaras Kyo ¢opmaza. Boabhpam 6Té TYPYKTYY, aHbI KbIsapTa bICBITKAaH-
Jla TaHa OKHUCTeHeT, aJl 9MU KHUCcJIoTajJlap/ia najaplla aparblHia apubeur,
GHUPOK a30T KUCJIOTACH] MeHeH (PTOPAYY CYYTeKTHH apajalliMachIt/ia OPHUT.
DJIEKTP TOTY KaHa KBUIYYIYKTY 6TKODYMAYYJIYTY 2Ke3/leH TOMOH, TEMUIDP
sKaHa HAKeJJIeH yxkoropy 60J0T. OTe KaTyy 00JTrOHAYKTAH MEXaHUKAJBIK
MINTETYY KbIHbIHbIpaaK, OMpOK MeTaJJIOKePAMAKAJIbIK bIKMA MEHCH aJIbIH-
rag BoJb¢paM OHp Kblijga MHKeMAYY KeJleT, JKeHHJ 10lojaT, AHAMIIeT.

Bosbdpam xundecuaul guamerpu 0,007 ma KyKaJIbIKKa YyeMHuH CO3YII
3JIEKTP JIaMIIOYKaJIapbIH 2Kaco0/[0 au/lalaHbLIaT.

XUMHUAJIBIK KaCHeTTepH

XUMHSUIBIK KO3Kapalll MeHeH ajirafjia BoJIbdpaM 00Me TeMIepary-
pachIH/l2 Kb[YKBUITEK MEHEeH apaKeTTeHOeuT. Drepae 900°C Temueparypa-
ra YelMH BICBITCAK KBIUKBLITEK MeHeH apakeTTeHHmuI WO, okCHAHH
maija KbLIaT:

2W + 302 = 2W03
Cyy MeHeH 600°C 6amran peakIUsAra Kuper:

[asoreH/epAXNH HYKHEH (PTOp MeHeH DeJIMo TeMIIepaTypachlH/a pe-
aKIUATa KAPeT, ajJ 9MH KaJlraHJapbl TeMIepaTypPaHblH TaaCHpHA MEHCH
apakeTTeHHIIIeT:

W + 3F, = WF, W 4301, — 22 CEERel

oW = 5Br, —3%C _,oWBr, 6W +6I, ——[Wls ],
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TemMneparypaHbl KOropJIaTyy MeHeH BoJIbhpaM/IbIH cejIeH, TeJLJIyp,
a30T MEHEeH XUMHUSJIBIK peakIusara KHpUIInHe KeTHIIyyre 60Jor:

950°C

W + 2Se >»WSe, N, deiipecynjie

W +2Te —>2C , WTe, Baakymza

W + 2N, —2000-2500C_ yrp.

BoabsdhpaMm 03YyHOH KUMMHKH MeTajJap/bl: KOPIrollyH, »Ke3, aJII0OMH-
HUHM, IUPKOHUI OKCHJIJICPUHEH KaJIbIObIHA KeJITHpe ajaT.

Boasgpam dupuxkmenepu

Boasdpam okcupu WO, KypeH TycTery 3ar. drepje 500 Cre yeiinH
pIchbITca BoJb(hpaMm (VI) okcuiuHe YelUH OKHUCTEHeT.

2WO,+ 0,=2WO,
WO, capsl Tycre 6oJioT, ara bLIBIMBIK KejreH kKuciaortacel H, WO,
KBI3I'bLIT capsbl TYcTo. Boasdppam (VI) okcuam MeTalIAbIK OKCH MEeHeH

ap KaHJal CaHJABIK KaThIIITa apaKeTTeHHUIINII, BoJdb(paMaTTap/isl, TaK-
Tall aUTKaH/a IoJMBOJb(hpaMaTTap/bl Dai/1a KbLJIBIIIAT:

MucaJisl, W03+Me20=Me2WO y 2W03+M920=M92W207

Boxshpam KHcitoTacsl H1eJI09TOPA0 3pHII, BoJdb(paMaTrapAbl Haiaa
KbLJIAT:

H,WO,+2NaOH=Na, W0 +2H,0

Koronyryury

Onep:xkaiiia BonbhpaMabl 6HAYPYYHYH HETM3TrH MaKCaThl — 3 KOIOPKY
canarrarsl 6osorty anyy. Kypameigaa Boasdpamel 6ap 6osioTTop canar-
TYY KacHerTepre 33 0oJyIaT: KaTyy, CYPYJYYr® YbIJIaMIVy, dKOTOPKY TeM-
[eparypara »KaHa XUMHUSJIBIK peareHTrepre TYpyKTyy, HUHJITAY, YOIOJI-
ryd MHKeM/IYYJIYI'Y MeHeH Oamka KyiiMaJsiapjiad e3redesieHyn Typar. 20%
BOJIb)paM KOIIyJIraH 60JIOTTOH MeTallJl Kecyydy Kypd4 aliaparrap Aasp-
naigar. Boasdpam MeHeH XpoM KomyiaraH 60g0TToH abjad Kypd apaaHsl,
TeTHKTEePAH IITAMIIOBKAJIO0YY almnapaTrap »Kacajart. BoashpaMabia Kyi-
MaJiapbl OTKO Yb[JIaMJIYY, 63I'046 XpOM MeHeH KOoDaJILT KOIIyJaradH KyimMa-
JIJap — «CTEeJUIMT» OTKO YbIZlaMAVy, KaTyy, TYPYKTYY KyiMa OOJITroOHAVK-
TaH XUMHUAJBIK OHAYPYIN 2Kaljap/ia KojjoHyaaTt. BoasdhpaM, »e3 »kaHa
KYMYII KOIIYJIraH KyHMaJjap/bIH 3JIEKTD TOI'YH OTKOPYM/YYJIYTY 2KOI'OpY
JKaHa XBUIYYJIYKTY KAKIIbLI 6TKOPYI KOIIKe YbliaMAyy 6osoT. OIIOHAVK-
TaH, OyJI KyiMaJlaH PYOMJIBbHAK, IIUPETYY YYYH 3JIEKTPOJJIOp sKacaarT.
Taza Bosnb(hpaM 3bIMBI, JIEHTACH] 3JIEKTP JaMIajJapblHAA, PAJIH03JIEKTPO-
HHKaJla ’KXaHa PeHTreH TeXHHKAachbIH/la nalajgagbpuiar. BoabhpaM 36IMbI
BICBIKKA OTe YblZIaMAYy 2KaHa YbIHAJIYYHY KOeTepe ajaTr. Mucaisbl, 3JIeKTp
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jlaMIajapblHAa 2200-2500°C TemnepaTypaja 3JIEKTP TOI'YH OTKOPYII KOII
yOaKbITKA YeHHH YBIJIAUT, YUIYJ callaTTapbiHa bLJIAMBIK JIEKTP MeIlTe-
pun e koigouyaat (3000 C). Boabsdpam Kapbuan WC KaTyyJayry »arbl-
HaH anMaara kakblH. Kypambeigza WC Gamnka aarel THUTaH Kapbuau,
TAHTAI JKAHA HUOOMII KOIIyJIral KyiMachlHaAH aTaWblH Kecyydy JKaHa
6ypryJsioody annapaTrrap/iblH TETUKTCPUH Kacallart. BoashpaM OUpHK-
MeJlepAHEeH: peakTHUB, KaTaJiu3aTop, 006K 3aTTapbl, KepaMHKa, OTKO Ybl-
JaMAVY KbIrad KeajleMeJIepAu Yblrapyyaa KoJ/0HYJIaT.

§ 5. VIII rpynnanbin d-3jieMeHTTEePHUHE KaJIIIbI
MYHO310VM0

VIII rpynnaHblH KOoUIyMYa HOArpyIIIachIHa 9 oT™MO MeTaJLJI KHpeT.
Temup TpuajachblHA TeMUP, KOOAJIBLT JKaHa HUKEJIb KHPET. Kanraa me-
TaJUIAap NajJaiui KaHa IJIaTHHAHBIH TPUAAAChIH TY3YIIOT.

TeMup TpuajacblHa KMPreH 0TMO MeTaLI/lap/blH AaTOMYHYH 3JIeK-
TPOHVHVH TY3YJYIIY TOMOH/AOI'YHO:

pe (e ) -.3d4s% Co (G7 ) ..3d"4s% Ni .3d54s?

Yu aToMAVH TeH 9H CHIPTKBI KaTMapblH/a dKHJCH JIEKTPOHAOPY
6ap, XUMHUAJIBIK PeaKIUsAra KUprenje 9Ku 3J1eKTPOHYH oHOM OepHuIIHII,
+92 OKHCTEeHYY jlapajkachlHa 39 00JIYI KaJjbIIIaT. XMMUSAJIBIK OUpUKMe-
JepAy Haiila KbUIYyy/a 9KH/EeH KOropy 3j1eKTPOHAOPYH bepyyre tyypa
KeJITeH/ie TOJVII OyTrnoreH d AeHIadJUHeH YbIrapblIll 6epuiner. OIeHTHII,
TeMHAp OMpHKMeJepuH/je +2 KaHa +3 OKHCTeHYY JlaparkacblH KOpCOTOT,
aJ] SMH HUKeIb +2, KOOAJbT apajblK abajiibl sasenT. VIII rpynnasblH
KOIIYyMYa [Io/rpylIiacklHa KUpreH MeTaJuliap/blH 9K MAKCAMAJIIYY OKHC-
TeHYY flapa>kachl +8, pyTeHnH MeHeH ocmuitiue 6upnkmesepusge RuO,,
O0sO,, an aMu Kajrag MeTasIIIapAbIKEl ap KaHjaad 60J10T. Mucaiusbl, Te-
Mup +6, HpuaAnl, pagun +5, mJaTUHA, nDaiagui+4, KodajabT, HUKEJIb
+3 OKHUCTEeHYY /laparkachblH KOPCOTO ajbllIaT. By 9 ajileMeHTTHH IIDAKTH-
KaIBIK MAaaHUCH YOH, ajJap/blH HYNHEH TeMUpre KeHeHHPIdIK TOKTOIYI,
KapanbbI3.

TeMup, AKapaTblIblIITa Ke3/eIIHIIH, (hM3UKa- XU MU AIBIK
KacueTTepH, OUPHKMeIePH &KaHa aJap/AblH KOJIOHYIIYIITY

TeMup XKapaThUIBIIITA 9PKHUH abajjia a3 CaH/la Ke3/IeIIeT, HEeru3u-
HeH KbIUYKbUITEKTHUK OMPUKMeJIepH «TeMHUp KeH/IepHA» TYPYH/IO bosoT. Ajap-
ra MArgMUTTYY TEMHUD, MArHeTUT — Fe,O, (FeO  Fe,0,) 72% ra deuuH Fe
6ostor. Kprzpu1 Temup, rematur — Fe,0, 65% Fe. KypeH TeMup, JIMMO-
aut — Fe, 0,- 2H,0 60% Fe. IlInar Temupn, cugepur — FeCO, 35-40%
Fe. Kykypr KosdejaHbl, nUpUT — FeS, 46% Fe. DByaappan 6amka aa

200



unpmenutT — FeTiO,, marmomarserur — FeMg [Fe,O,] . 0. xergepu
Kesjlelller,

TeMup ’XaphbIM CHJIMKAT TYPYHZ® jAa Kesjemer. AHAPaAUT —
Ca,Fe[SiO,],, runepcrer — FeMg, [ S1,0,].

Temupaua GU3MKAJIBIK KACHETTEPH

Taza TeMHpP KYMYII CBISAKTYY aK MeTaJlj, DajIKBII 9pYyYy TeMIlepa-
Typachl 1539°C. TeMHpP/MH TOPT AJUIOTPONMSIBIK MOAUGUKaNUACHL 6ap:
a-Fe 768°C Typykryy, B-Fe 768°C-906°C, y-Fe 906°C-1401C >xana o-
Fel1401°C-1536 C typymuTyk 6eper. a, 3, ¥ — MOJAH(PHUKAIUACHIHBIH KPH-
CTAJUIABIK TOpYocy 60pbopIOIITYpYJIraH KYOAYK TY3YJIYIIKE 39. TeMup-
JI¥H TOPT TYPYKTYY M30T00y Gap. ATroMiyk Maccajapsl 94,56,57 xaHa
58 k.6. PajloaKTHBAYY H30TONTOPY ,, Fe »kaHa , Fe ocenresner. Tasa
TeMHp KYMIIaK, Kyprak abajga okucreHOeiT, HEIMAYY abajja OKUCTEeHHUII
yOaKBITTBIH OTYIY MEHeH TeMHD I'MJIPOKCHJIUHE OTOT, 6. a. xpar 6acar.
Bamka Kol MeTajIIaplaH albIpMaJIaHbIIl TEMHADP MAarHUTHK KacHeTKe 39,
600 C >xyminak 6oy KajaT, agfaH ap KaHaau ¢opMajiarsl TeTUKTEPAH
. 6 KepeKTyy HepceJlep/lH »Kacooro D0JI0T, aJl 9MHA 1000°Crze TeMup HUKe

3bIM DOJITOHYO Y0OI0JIAT.

TeMupIMH XUMHUAJIBIK KACHETTePH

XAMHAANBIK KacueTTepu O000HYA TeMHUp, KODaJIbT MeHEeH HHUKeJIre
OKIIIOII KeJieT, OMpPOK XUMHSJIBIK aKTHUBAYYJIYTY TEMHPJUKHA ajlaplaH
sxoropy Typar. Temupaud 6upukMesepunje Typykryy Fe™, Fe'”, anjnan
ceIpTKaphl Fe't, Fe ® okucrenyy faparkajlapblHa Tyypa KeJIl'eH OUpHKMe-
JlepH Ke3Jielner.

Temup HeIMAYY abajia CHIPTHIHAH JIaT MEHEeH KallTajar:

4Fe + 302 + 6H20 = 4FC(OH)3 \)

Vinyx ane peaxnusiaer 4Fe’ + 3095 — 2Fe§303 -nH,0O TeMup aaTel

0O
nen tymryacoeHop 6oaoTr. Temupau 150 Cie pIchITYY MEHEH TeMHUDP OKaJIH-
HacbIHA alJlaHaT:

4Fe + 30, = Fe304(Fe,0; - FeO)

blceIiTcak 6ammmka MeTasljl aMecTep MCHEH aKTHUBJIYY peaKIusira Kuper:
2Fe + 3Cl, = 2FeCl, 3Fe + C = FesC
Fe + S = FeS 2Fe + N, = 2FeN

TeMup cyIOIATYJINaH TY3 »KaHA KYKYPT KACJIOTAChl MEHEH KeHUJI peak-
MATa KHPET, CYYTeKTH 0oyl ybIrapar:

Fe + 2HCI = FeCl, + H,1
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KorneHTpanMsaJairad KYKYpT sKaHa a30T KUCJIOTaJlapbl MEHCH oMo
TeMIlepaTypachblH/ia TeMup dpubeiT, ajl bICBITKAaH/a YYJIYYy rasfap/bl bosryn
qypIrapyy MEeHEeH »KYPOT:

2Fe + 6H,S0 4 = Fe,(S04); + 350, + 6H,0
Fe + 4HNOg,, = Fe(NO3); + NO + 2H,0

MeTaIiap/blH aKTUB/YYJIYK KaTapbl 00I0HYA TEMUP ©3YHOH KMHWH-
KHJ Typrafi MeTasuliap/bl OMpUKMeepUHIH KypaMbIHaH CYPYII YbIrapa ajlaT:
Fe+CuSO, =FeSO, +Cu

700°CieH 3K0ropy BICHITBLINAH TEMHUP CYY Oyycy MeHeH KauTajJaHMa
peaknusara Kuper.

3Fe + 4H,0 = FeO-Fe,03 + 4H, T

Teviup OMpUKEMeJIepH

TeMUpAUH Heru3ru OHPUKMeJepUHUH OKMCTEHYY JapaKachlH +2
sxana +3 6osrounopy mysesaeur, remup (VI) Ompukmenepn a3 caH/a
deppar Jeren aT MeHeH Kesjemrer. Mucaisl, KajJluid ¢peppaTsl K, FeO,,
6apuit ¢pepparsl BaFeO,, FeO Temup (IT) okcuan Kapa TYCTOI'Y »KeHWJI
okucTenyyuy nopomok. Temup (III) okcuaun 500°Cae KaJbIObIHA KeJl-
THPYY MEHEH aJIbIHaT:

Fe, 0, + CO = 2Fe0 + CO,

Temup (I1) oKCHAM HETU3AUK OKCHJI, CYY/a 9PUOEHT, ajl IMH KHUCJIO-
Tajap MeHeH KeHWI apaKeTTeHHIeT:

FeO + H,S0,= FeSO, + CO,

Temup (II) okcrM a30T KHUCJIOTACchl MEHeH apaKeTTeHHIIeT, aH/a
temup (1I1) Tyagaps! naisa 6oaymy MeHeH XKYpoT, cebebM a30T KHUCJIOTA-
ChI KYUYTYY OKHCTEeH/UpPru4.

3Fe0+10HNO,=3Fe(NO,),+NO+5H,0

Temup (II) Ty3/1apsl KaIbI0bIHA KeJITHPrudTep 601y caHaar. Temup
(I1) Ty3zapblHa I[EeJIOYTYH IPUTMECHHEeH KYHCaK arblil KOryJiaTyp TYCTOrY
remup (1) TH/IPOOKCUIMENH YOKMOCY 4Or0T, ajl YOKMO Te3 dJIe Kapaphlil,
aHaH KYPOH TYCKO O0TOT. YOKMOHYH TYCYHYH Te3 ©3repyuly TeMHp abajsia
oxucrennn temup (11I) ruipokcHAREE OTKOHAYT'YH OMJIIUpeT.

FeSO, + 2NaOH = Fe(OH),V + Na,SO, — arsim Keryiaryp
4Fe(OH),+ O,+ 2H,0 = 4Fe(OH),¢ — KYPOH KOTYJITYP

Temup (II) ruapokcnin KucjaoTajlapAa dpHul TY3/1apAbl namjga Kbl-
aat: remup (1I) Ty3aaps! cyjasdarrap, XJa0paajiep, Gropujiiep x. 0. CbI-
AKTVY OPTO TY3/ap KaHa KOMILJIEKCTYY KPHCTALJIOIHAPAT TY3Aaphl bo-
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sor. Mucaxnsl, FeSO,, FeCl,, FeF,, FeF,- 4H,0, aungorysnapsr K[FeF, ]
K,[FeF, ], NH [FeF,] - 2H,0, K,Na[FeCl.], FeCl,- 4H,0. Tysnapsiabia
MYMHEH 3H MaaHMIYycy TeMup Kynopocy FeSO -7TH,O »xana TeMup AuAXJI0-
puan FeCl,. Temup Kynopocy MUHepajIAbIK D0EKTOPAY OHAYPYYAO, Doek
HINTEeTYYAO KaHa aWblI Yapba 3bITHKeYTepH MeHEeH KYPOIIYY/J10 XUMHUKAT
kaTapbl Koafonysar. Temup (II) xsopuan Taza TeMUP/AU CYYTEK MEHEH
KaJIBIOBIHA KeJTHUPHII aJyyaarsl 6aumTanKsel 3aT.

0 Uy 3 e O D) 5 ()

Temup (I1) Ty3zape! ap TYpPAYY OKACTEHAMPIrAY 3aTTap/blH TaaCUPH
MmeHeH »xeHwui ajie remMup (III) ryspapeiaa eror. OKHcTeHAUPruUuTep 00-
JIVII a30T KHCJIOTAChl, KaJIMKM IIepMeHTraHaThl, XJop . 6. Mucassl,

6FeSO,+2HNO, +3H,S0,=3Fe,(S0,),+2NOT+4H,0
10Fe SO, +2KMnO,+8H,S0,=5Fe,(SO,),+K,S0,+2MnS0 +8H,0

HKoropysa KeJITHpHITEeH MAcCAJIIap/laH KHUHH OM3 MBIHai KbINbIH-
TBIKKAa KeJiceK 0oyioT: eMek, reMup (I1) OmpuKMecHHNH apUTMeslepHH/e
nasima TeMup (III) kaTnoRHY >KYpeT, OIIOHAYVKTAaH OMPHUHEH 9KAHUYUCHHE
OTKOHJIYI'Y, ara 6aMJIaHBIIITYY TYCTOPY Aa 63repyll Typar.

Fe,O, remup (III) okcuau. TabusATTa KBIYKHUITEK MEHeH DOJITOH
TYPYKTYY OMpHKMecH, KapaTbUIBIIITa KbI3bLI TeMHp — remMaTHuT Fe, O, ne-
reH KeH abainbrHna kesjemert, TeMup (I11I) okcum TeMup cypurm, oxXpacsl,
MYMHSCHI JIereH aT MeHeH DOEKTopAy OHAYPYY YYYH KoajoHyaar. TeMup
(ITI) okcHM KBI3BLI KYPOH TYCTOr'Y KaTyy IOPOLIOK TYpyHAOry 3arT. slo-
ropKy TeMIepaTrypajia TeMHp OKaJIMHAaCbIHA OTOT.

5F6203= 4Fe30 =t Oz

Temup (III) okcuam Hagap aMmpoTepAAUK KacHeTKe 93 60JoT. Irepae
LIIeJIOYTOP e IeJIOYTYY MeTaIlapAblH KapboHaThI TaacHp aTce, aH/la
(beppHT AereH OMpUKMEHH Nau/la KblJIYY MeHEeH apaKeTTeHerT:

Fe,0,+ Na,CO, = 2NaFe0,+CO,

ITaiina 60JroH heppUTKe CYYHY TaaCHUp 3TCE TOJYI'Y MEHEeH I'HUpo-
JIN3JIeHeT:

2NaFe0, + H,0 = Fe,0, + 2NaOH

Temup (1II) okcuim KHcCIIOTaJIap MEHEH peakKIuiara KUpHUIl, TeMUP
(II1) Ty3papblH naia KbLjaT:

Fe,0,+ 6HCI = 2FeCl, + 3H,0

Temup (III) rysgapbiHa mej104TOpPAY TaacHp 9TYY/OH KBI3BLI KYPOH
tycrory Temup (III) rmppoxcuyu ajgbrHar:

FeCl, + 3NaOH = Fe(OH),{ + 3NaCl
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Temup (I11I) ruapoxcnan Fe(OH),, Temup (IT) ruipoKCHIMHE CATBIIII-
THIpraH/ia Hayap Herus, 6.a. aMpoTep/AMK KacHeTKe 99, CyyAd Havyap JpHMT,
CYIOJITYJIT@H KMCIOTA/a, KbUIBITBLITAH KYUTYY HIEJI049TOPAO YKAKIIIBI DPHUT,
XUMUSAIBIK peaKIuara KUpuIl Ty3/1ap/abl [raiijla Kbliaar:

Fe(OH), + 3HCI = FeCl, + 3H,0; Fe(OH),+ 3KOH =K [Fe(OH),]

Temup (I1I) Tyzaapsr FeCl,, Fe (SO )., FePO,, KpucTaajoruparra-
pel Fe (SO,),- nH,0, amMuaKaTTaphl Fe,(SO,),- nNH, keHup# OeJITHIIYy.

Temup (II) TyzgapbiHaH TeMHUD (I11) Ty3/apbIH aiiblpMajad Typrai
MYHO3/IYY CalaTThIK PCaKIUAHBI peareHT — kaanit pogapuan KSCN xe
amvonuit pogaauan NH, SCN MeHeH JKYPry3YJIOT. By peaknusaia Kajauu
POLAHUAMHMH 3PUTMECUHUH KYPaMbIHAATBI TYCCY3 (SCN) Tepc HOHY Me-
HeH, DaiJIaHbBIIIBIII «KBI3bLJIKAHABIH» TYCYHJI0M O0JI'OH Ha4ap JidccoIua-
musisranyyyy temup (III) popasmann nmaiiza KpLjIaT, ajl 9MH dpHUTMe/ie
kasrag Temup (1) pogaEurau Tyccy3 abasiaa oosioT, OYJI peakud TeMHUP
(I11) Tyv37apbIH aHBIKTOOUY CAallaTThIK PEAKIINH 00JIyII 3celTeIeT:

FeCl, + 3KSCN = Fe (SCN), +3KCl

A svu temup (II) Ty3zaapblH aHBIKTOO YYYH KaJu IMUAaHUJAUHUH
SPUATMECHHe TaaCHp dTKeHJie TeMHUP (I1) nuasEUANHIH aK YOKMOCY YOroT:

FeCl, +2KCN=Fe(CN),! +2KCl

Orepjle KaJIU# IMAaHUIWHUH SPATMECHHEH alllbIK4a Aarbl Ky#CcakK, aK
YOKMO DPHII, KOMILIEKCTYY DupUKMe rexcanuasogeppar (1) naiga 6070T.

Fe (CN), +4KCN=K [Fe(CN),]

lexcanuasodeppar (II), bapa-6apa kpucTalaliar a a4blK-Capbl
rycrory K, [Fe(CN),] - 3H,0 kpucTajyIori/IpaThlHa OToT, OyJI TY32ly «capbl-
KaH Ty3y» jlel aTaca jia 00JIoT.

Koonysryury

Tevup OMpUKMeJIepHHUH HIUHEH MarHuTTYY TEMUD Fe,O (Fe,O,: FeO),
(I1) »xana (III) oxkcHA/IHK apajgalrMa MardiuTKe TApThUIYY4y JJIEKTP TO-
I'VH OTKOPIYY KaTapbl TeXHUKaZa aHOANOPAY AaAPAOOAO maujasiaHbLiIarT.
AHAJIATHKAJIBIK XUMHAAa TEMHUD aublK TallTapbl MHAXKATOD KaTaphbl
KyMYII HATpAaThlH Al paZloEHAY MeHEH TUTP/100 YIYH KOJIIOHYJIaT, TEMHUP
(III) aurpatsl (FeNOQ,), kesaemeiiepAx 606010 aYBITKBIY KaTaphl anja-
naHsuIaT. [Tuput FeS, TexHUKaj1a TeMUP/AX aTyy/a sxaHa KYKYPT KHCJIO-
TachblH OHJYPYYAO KOJIJIOHYJIAT.

Huke s kaHa 1JjaTuHa

Huxkens xapaTslabimTa Co CBIAKTYY, MBIIIBAK JXaHa KYKYPTTYH
OupHKMeJlepy TYPYHJIO Ke3/lelleT. Kynddep sukessb (N1As), MBIIBAK HA-
KeJIb JKaJIThIparsl. IlnaTuHa KapaThUIBIITA AJITHIH CHIAKTYY a3 CaH/d
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Ke3eulerT. lliaTuHa Merasijlap MeHeH OMpUKMeJIep TYPYH/I0 Ke3JlelleT,
JIEKTPOHAVK (hopMy.Jachl:

MG ) 3s23ps3dias? Pt (26 ) .. 5525h°5d76s!

Du3nKaJblKk KaCHeTTepH

Huxkenb KYMYIITOM ak, KaTyy MeTasLl. slNakIsl KbUIMajlaHAT, Mar-
HUTKeE OHOM TapThLIaT, KOppo3uAra abjlal TYPyKTYy. A30T KHCJIOTACbIH/IA
AKTHBIYY 29pHUT. HUKeNIUH XUMHUSIIBIK »KAaKTaH TYPYKTYVJIYTY, ChIPThI-
HaH XYKa OKCHJJIAK ILIEHKAa MEHEH KallTajraH/AbIrblH/a. Jreple &KOropKy
TeMIeparypa bepuiice XUMHASIIBIK peaKIUAra KUPYY »KOHIOMYYJIYTY 2KOro-
pyaair. Il;natTuHa — ak, >KajJThIpakK MeTa/Ll, XMMUSUIBIK KaKTaH abjaH
TYPYVKTYY, aba kaHa KHCJIoTajIap MeHEH »KOIOPKY TeMIlepaTypajia Jla peaKIlnsi-

ra kupbenr. [laabia aparblHaa aJITHIH/IAH MKad 9PUUT.

XUMHUSIIBIK KaCHeTTepHu

Huxens 6mpukMestepurie Ni? »xaHa Ni™® OKHCTeHYY JaparKkacbhblH
KOPCOTOT. +3 OKHCTEHYY Aaparkackl Typykcy3 Kejter. Hukeuns (II) okenau
NiO >xapaTbLIbIIITa «OYH3€eHHUT» JIereH aT MCHEH Ke3J/lellleT, KOYKYJI »Ka-
IIBLJI TYCTOTY OKTas/lp (hopMachklHAarbl KPpUCTAJIABIK TOPYOAOI'Y TY3YIYIIIKO
93. HHUKeJb CBIPTKEI OKCHUIMK KaTMapjaH TasdajJlaHraH[a XJop, KYKYPT

MCHCH pearKIisiara KHUpPeT.
Ni+Cl,=NiCl,; 2Ni+0,=2NiO; Ni+S=NiS.
TaTaas 3aTTap MeHeH KaJlJUMKH IIapTTa CYIOJITYJIraH KHCJIOTajiap
00JIcO HUKeJb ’Kal peaKIUsara Kuper:

Ni+2HCI=NiCl,+H,1

HukeJs OupuKEMesepu

NiO — Herusauk okcuj, ara pLIadbIKTYy N1(OH), Bukens (1I) rua-
pokcuau. Hukess (II) ruapoxkcuan anpiH (II) Ty3zmapbsira mjesodropay
TaacCHp 3TYY MEHEH asIbIHAT:

3NiSO,+5KI+KI0,+3H,0=3Ni(OH),{+3K,S0,+3I,

Huxkess (II) reapoxcuau Ni(OH), Herus, Kallbplil TYCTOTY YOKMO
aKBIPBIHJIAI »KAIIbLI KpucTagara amganar. Hukeus (II) ryspgapsr 6ap
HUKeJJUH Gropunu, xaopuau NiF,, Ni(312 . 6., OITOHJION 3JIe KpHC-
rajurorujiparrapsl 6exarmiayy NiF, - nH, O (n=4,3,2), K[N1F, ], K [N1F |,
KBIYKBLI ruipodropuaaep (NiF, - SHF - 6H,0) x. 6.

Merasupiap/IbIH KyuvMaJjapsl sJkafa ajiap/ibIlH KOJJIOHYJIYIILY

Merasi1ap/ibIH XUMHUSACHIH/IA CHJICD KaJIIIbl KacMeTTepy MEeHeH Taa-
HBIIIIThIHAP, OTMO MeTajLiIZIapAblH 39H MaaHMJIYY OMpUKMejIepHu ajlap/AbIH
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KacHeTTepH MeHeH TaaHbIIIKaH/1aH KUMUH NpaKTHKaja KeHHPHA KOJIJ10-
HYJIFAaH MeTalIap/iblH KyHMaslapbl XKOHYH/O TAaHBIINYY MYMKYHIYJIYTYH
aachiHap. KyiiManapAblE KypaMbl 9K JKe aH/laH Koll MeTasJIlapAad
TypaT, MeTa/Iapra THemeJYY KacHeTTepre 33 60JIrOH apasaiiMa 6oJIoT.
A3bIpKBI TeXHUKaJla MeTaulJlap/bl Kapa JKaHa TYCTYY Aell 9KH TOIIKO
6oseby3. Kapa merajjapra — TeMHD KaHa aHBIH KyuMajapbl (Y0I0H,
60J10T KaHa (eppoKyiMa, OIIOHJOH dJjie TeMHUpPTre KOIIYJIYY4Y HEruaru
MeTaJUIiap) Mapragel, XpoM Kuper. Kasirag 6ap/ibIk MeTajullap ¢TYCTYY?
jlell aTajbImiar.

YoroH — KypaMblH/la TeMHDP, KOMYPTEK 1,7%, maprageil, KpeMHUH,
docdop, KYKYpPT K. 6. 60JIOT. Yowon Mopt Oosor. MamuHajap/AblH OP-
YYHAYY TeTHKTEPHH Kacoo/o KaHa b0JIOTTY OHAYPYYAO KOJIJJOHYJIAT.

BoJIoT — KOMYpPTerdn a3auThlUIraH TeMAP/IUH Ky#AMachl, XAMHASAIBIK
KypaMbl ap TYPAYY-

1. KomypTrekTyy 00JIOTTOP

— a3 KOMYPTEKTYY 60;I0TTOp, KOMYPTEKTHH CaHBI 0,3%;
— OpPTOYO KOMYPTEKTYY DOJIOTTOD, 0,3tren — 0,65%;
— KeMypTeru ke 60J0TTOp — 0,65%Ten — 1,5%.

2. JlermpiieEreH 60J0TTOP — KYPaMbIH/IA XpOM, HHUKeSIh, MapraHell,
THTaH, BOJAbMpaM, MoJIHUO/IeH, KpeMHH, BaHAJHHU XK. 6. TYCTYY MeTaJlJ-
nap 6oJior:

— a3 yerupieHreH 6030TTOp 4% TEH HKOropy dMEC;

— OpTOYO JIerupJjleHreH 00J0TTOP 4% —10% ke 4eHHH;

— KOTOPKY JlernpJjieHres 00JI0TTOP 10% —50% Ke YeMHuH MeTaJLI-
1ap Kesjenier.

HKoropyaa caHall 0TKOH/IOP/IOH 60JIOTTYH KypaMblHa KHpPreH MeTaJliI-
japra jkapalma ap TYPAYY canaTTyy kacuerTep/u OepHuler: KaTyVIIVK,
KOppPO3HUAra TYPYKTYYIVK, JKOTOPKY TeMIlepaTypara, Kucjorara . 0.
camaTTapbl MeHeH a3bIpKbl TEXHUKAHBIH Haap/ibIK TapMaKTapbIH/A foJj0T
KeHUpH KOJIJIOHYJIaT. :

Tyeryy MeTajyiap/AbIiH HErH3TH KyHMaJjapsl

JlaTyHs — JKe3/IMH [IHHK MeHeH Gosron Kyitmacs! (xe3 60% —90% ke
yeiinH) »Ke3/leH DekeM KaHa OKHCTEHYYT'O KOU pyymap 6oaboir. JlaTyHra
KpeMHHUI/IY, KOPTroImyHAY, KasialApl, AJIOMAHAWAMA, MaprabdenTy xana
HUKEeJIIX KONIKOH/I0 AHTHKOPPO3UAJIbIK KACHETH sxoropyJiaur. JlaryH/ian
sxacaJIIaH JUCTTep, Kyiojraln 6yom/iap, MallldHa Kypyy/Aa, npubop #kKaco-
0J10, I1EJIJIK0JIO3a — Karas oHOpKaiIapbIH/ia aTaubIH TOP KACO0A0 KOJIJIO-
HyJIaT.

Koo — 6aiipIpkbl 3aMaH/laH 6epy KOJIAOHYIYII KEICT. Mypjia KOJIO-
ny xe3 (80% —94% ) MeHeH kanaiieig (20-6% ) kydMacblHAH aJbIIIYY.
A3BIDKbI TeXHAKAHBIH OCYIIY MEHEH Kasiafibl 3KOK KOJIOHY OHJIYPYYI'O ZKe-
THIITH.

A TFOMMEMI KoJ1ocy — KypaMbIEaa 5—11% asrioMrHEEN 60J10T. ByJ1 KOJIO
AHTHUKOPPO3USLUIBIK YKaHa MCXaHUKAJIBIK JKAKTaH DexeM KacHeTKe 29.
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Kopromyn kosiocy — kypamsiaga 25—-30% xopromys 6osor. Heru-
3UHEH KOropKy OackIM/ia »KaHa YOH bUIAAM/IBIK MEHEH HIITOOYY IO/ IINII-
HUKTEpP/H »Kacoo YIYH navjajaHbliIarT.

Kpemuuu kosocy — KypaMmbigga 4-5% xpemuuii 6o0r. Ap3as 601-
FOHZIVKTAH KaJlail KOJIOCYHYVH OpZIVHA KOJIJIOHYJIAT.

Bepuimyu kosocy — kypamerga 1,8-2,3% 6Gepuiianit 6010, Ybl-
HaJITaHJAaH KHUHUH 03YHYH KaTYyJyTy, CePIIMJITHYTYYJIYTY MeHeH aifbIpMa-
aasaT. Byjapsan npyxuBanap jkaHa 6amka cepinmiMe 6yoMap xaca-
JjlaT.

Kajvmit kostocy — »ke3 MeHeH KajMuiimH Kyitmacsl (1% ueitnH), TpoJi-
jeibycTapAbIH 3bIMJIaphIH, CYY OTYYYY TYTYKTOPAY, I'a3 OTYYdY TYTYKTODPAYH
apMaTypaJIapbIH 6HAYPYYI'®, MalllMHA KYPYY HIITepHUHE KOJJOHYJIAT.

Crwnnpyyiep — afoMIHAI MeHeH KPeMHMIIUH KyiIMachl, Kaajle Kypa-
MBI TaTaajbIpaak 6o0JioT. BekeMauru >xkarslHaH 60JIOTTOH KeM KaJjbaiir,
bmpok anjan seHu1 6os0r. Kol TapmMakTa KosjioHyiar. MammHa Kypyy/ia
KOII TETHKTEep »KacanaT. ABTOMOOMIIb OHOpKaNbIH/Ia MOTOD, IIOPIICHD, bLI-
AaMABIK KYTYJIaphl 3K.0. TeTHKTepAX Kyoy/ia KOJIOHYJIAT.

Jropamomuaui — Oy KyiMaJla aJIJIOMAHHUNACH Oalllka »ke3, Mar-
HHAY, KPeMHHUM, Mapraser] 60JIoT.

Cu - 3,8-4,8%, Mg - 0,4-0,8%, Mn — 0,4-0,8%, Al — 93-94%

babur — Kajlaif, KOPromyH, OAHK K€ AJIOMUHHAAUH HETH3NH]C
TY3YJITOH. AJlap aHTHOPAKIHUAIBIK KyiMajgap, KOMIPECcopJop, 3JIEKTD
KBIMMBLUIZIATKbIYTapPbl, TPAKTOP, aBTOMOOWIH, BaroH, JTOKOMOS I UBJIEp AN H
OOINMUITHUKTEPUH KYIOy/ia KOJIJOHYJIAT.

Measxuop — Kkypambel 80% ke kakblH xke3 xaria 20% ke ’KaKBbIH
HHKeJIZleH TypaT. Ore kaTtyy 60JI0T.

Huxpom — 60% suxens, 14-18% rtemup xana 18% xpowm: JJIEKTp
KapIIbLIBITEL 9OH, OIIOHAYKTAH KbUIBITKBIY IPUOOPJIOPAY 2KaCco0/10 KO- -
JIOHYJIaT.

Karyy kyitmajap — KaTyy ’kaHa >KeNIMJIYYI'O YbIJaMAVY MeTaln
TYPYHjOry MaTepuasjgap. Aisap kacuetuH 900-1000°Cre 4eifiMH BICBHIT-
KaH/a na xxororymmnaur. Herusunen BosbpamMm MeHEH THTaH/ILIH KapOu-
AHHEH JAaspaanar. BoabsdpaM — kobanbr Katyy KyiiMmanapsl; 85 — 97%
BOJIb(hpaM KapbujmEeH xkaHa 13 — 15% kobansrral Typar. THTAH — BOJIb-
¢dpam — KobaJIbT KaTyy KyitmManapsl 34 — 85% Bosbhpam KapbuauneH, 6 —
60% turanaeE kapbuguHeH xaHa 6 — 9% K0GaJILTTaH TY3YITOH. Bypry-
JI009Y JKaHa Kecyydy almnapaTTap/bl 2Kacoo/10 KOJJIOHYJIaT.

L
? Cypoonop xaHa KoOHyryynop
1. ©T™Me meTannaapabiH aTOMyHyH Ty3ynyLUyHAO KaHaan o3revenykrop bap?
2. Heruaru xaHa Kolym4ya noarpynnaHbiH MeTanfigapbiHblH aTOMZOPYHYH
TY3YNyLWYHAOrYy ©3re4enyKTop kaiaamn?
3. MetanngapabiH douaukanbik kacueTtepuH anTbin Geprune.

207



4 MeTtannaapablH XUMUSMbIK KacneTTep aMHere HerusaenreH? Tuanwtyy
peakuusnapgbl, TeHaemenepaun waabin beprune.

5. Koppo3ausi ferex svHe? Karcbl Metannaap kopposusra ydypatibl MYMKYH?
AHaH cakTanyy XonaopyH 6unecurepbun?

6. AMOTEpAVK KAacMeTKe 33 60nroH Kachl MeTannaapasl bunecuiep, Mucan
Kentuprune.

7. Cyyna apubereH Heru3auk okcuaaep, rmapokcuaaepan KaHTu anyyra 6o-
not? Mucannap xasarbina.

8. Xea (Il) ruapoKcCHanH, TeMUp (111) ruapoKCMAMH bICbITKaHAa amHe navna 6o-
not?

9. Kowymua noarpynnaHbiH MeTannaapbl Kaucbl kucnoranap MeHeH KaHaaw
peakuusra kupet? Tuelwenyy XMMUATbIK peakuusinapabiH TeHaemenepuH TY3ryne.

10. A3blpKbl ME3TMIANH TEXHWUKACHI YHYH kaicbl metannaap abaaH MaaHunyy
newnbus?

11. BupukmenepuHae xpom KaHnanm OKMCTeHyy Aapaxanapbiia 337 Mwucan
Kentuprune.

12. Temup TpuanacbiHa xaicbl meTannaap kupet? Xannb OKLLOWTYIYHYH
anblpMaybinbirbl.

13. MeTannaapAbiH KONAOHYNyWYHYH TypMyLUTarbl XxaHa oHAYpyuITory OpAYH
mucanaap MeHeH TywyHaypryno.

14. YorwoHayH OONOTTOH avblipmacsl amHene? KancCbiHbICbl KaHnau canart-
Tapra 337

15. Nlerupnexred BONOTTYH KaH[Aan Xakuwbl canartrapbl XaHa KeMuunukTepu
6ap? AHbl Aarbl XakWwbIpTyy Y4yH OMHE Kbinat?

16. Kyiimanap/iblH kaHaawn Typnepy B6enrnnyy, kamaa konaoHynat?

17. Temup (i) Ty3aapbiHaH aiChl canaTTbiK peakUsiHbl XKYPry3yy MeHeH aHblK-
rainbbia? Tuelenyy XMMUsaIbIK peakuusnapabiy TeHaemenepuH Ty3ryno.

18. ToMOHKy awvnaHyynap/bl ULLKE alubipyyaa tuewienyy peakuuanapabit
TeremMernepuH Tyaryno.
a) Cu — Cu(NO,),— CuO - CuSO, » Cu - Cu(OH),
%) ZnS - ZnO — ZnSO, - Zn(OH), —» Zn0 - /n
B) Fe —» FeS —» FeCl,— FeCl,— Fe(OH),—»Fe,0;— FePO,
r)FesS,— Fe(OH),— Fe,(SO,),— Fe(NO,), > o O
19. bapuvau anuMuHoTEpMUKANbIK biKMa veHeH BapuiavH OKCUAUHEH anbl-

wat. MaccaHbix ynyLy 91,8% 6onroH 600 2 Gapwit oKcvan MeHeH Maccarnbik ynyuwy
98.55% 6onrox 100 2 aNiOMUHWA apakeTTeHulkeHae kaH4a rpamm H6apun anbiHar?
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\ cJLiled

ROMIIVIEKCTHK BUPHKME.]

§ 1. KomnuekeTuk OMpHUKMeep KaHa ajJap/abIH
HOMEHKJIATYPaChl

Cuitep ermMe Merasyiiap MeHeH TaaHBIIIKAH/AA ajJap/AblH KOIIYYJIYTY
TaTaaJ OMpHUryyJIepAay naija KplIyy »KOHAOMIYYJIYKTOPYHO 93 9KeHUTIHH
bunauHep. MbIHall KacHeTKe 33 OOJITOH MeTaLIlapAblH alpbIMAaphI
TOMOHKYJIOD: 2Ke3, XpoM, KobaJbT, ChIMAall KaHa achljl MeTaujgap. Ap
TYPAYY OTMO MeTaJLI/IapAbIH aTOMAOPY MeHeH MOJIeKYJIAJIbIK 00YK4YeI0pIYH
OpPTOCYH/la Havap KaHa KY4TYY apakeTTelnyyjgep 00JayI, HaThIM»kajla Ta-
TaaJl TY3YJYLITOr'y KOMILJIeKCcTep maijaa 60JoT.

XX KBUIBIM/IBIH aATbIH/Ia KYPAMBbIH KaHa TY3YJIYIIYH BaJeHTTYYIYK
TEOPHUACHl TYHIYHAYPO anbaraH KONTOroH XMMHUAJIBIK KOMIIJIEKCTHK OU-
pukMesep Tabsuiras. Opyc okymymryycy A.Yyraes oupurumiaepyes 60-
JyIol KOMILJIEKCTYY OMpUKMeJlepre aHbIKTamMa Oepyyre apaker »kacaras.
AHBIH NUKUpH OGoloHYA: «O3 aadviHya Hawo0020 HoHAeMAYY 6ONZOH
HCOHOKOU auKaaviwbin bupuzyyaepdon naiuda 601201 NPOOYKMYHY KOMN-
aexcmyy Oupurxme» jen acenrtered. Mucansl, kobansT (II1) x10puau »xaHa
ammuak, remup (III) muarmam MeHeH Kajawil MUaHHUAM ©3apa aWKaJbl-
LI OMPHUTYYJIOPAYH HerM3UH/Ie KypaMAapbl TOMOHKYAOM 60JTOH KOMII-
JIEKCTep/iM naijia KbUIbIIIKAaH:

CoCl,- 6NH,; Fe(CN), - 3KCN

By GupuKMeHVMH KypaMbIHA KUPreH alpbIM Ty3/lap 63/0PYHO MYHO3/IYY
KeKe KacHeTTepHH KepceTe ajraH amec, 0. a. aHAJIUTHKAJIBIK peareHT-
TepAWH KapAaMbl MeHeH Co™ KaTHOHYH ’»kaHa aMMHMaKThI, Fe'® KaTHo-
HYH KaHa NMaHW/ aHHOHOPYH 03/16PYHO MYHO3/YY peaKIIUsIapAblH »Kap-
AaMbl MEHEH aHBIKTAall aigenunaral. [lemek, 6y 6MpHKMesiepAn maiaa
KBUIMAH 6TMO MeTaLiigapAblH KaTtuoHAopy Co™?, Fe™® MeHeH OaitiaHbII-
KaH aHMOH/I0D >KaHa MoJIeKyJiajap e3apa OMPHUIHINKI TaTaajl KOMILJIEK-
CTHK MOHJIOPAY Naijia KbIIraHAaphl MeHeH TYIIYHAYPYJIOT.

1893-xbL1b! IBeHIAPUANBIK XHMHEK A. BepHep KOMIJIEKCTHK 61-
PHKMeJIepJAMH TY3YJYIIYH KaHa KaCHeTTepHH TYLIYHAYPYYYY KOODAMHA-
OUSAJNBIK TEOPUAHBI CyHyIITarad. KoopAnHAINAIBIK TeOPUAHBIH HEIrU3-
ra abanaapblHblH OMpM Ke3 KeJreH KOMILJIEKCTYY OMpHKMeJepAHH
KYPaMbIHIarel OH 3apA/IIYY KAaTHOH ’Xe 2JIEKTD sKaKTaH HeUTpaJayy
aToM bopbopayk 0esYKTY 9371€T. AHBIH Tereperdsjie KOOPAXHAIUSIIAH-
ran (barsITTasirad) 6esarmiyy caggarsl 60p6opAyK MOHAVH 3apsAAbIHA Ka-
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paMa-Kapllbl 3apAAra 23 6OJITOH AHHMOHJIOP Ke JJIEKTD JKaKTaH Heu-
TpaJAyy MoJeKyJajap Kyp4al ajart. Aapzbl JUragjiajzap /e aTamar.
Bopbpo/IyK MOH Ke aToM JIUranjalap MeHeH OMpPHUTIHUIl KOMILJIEKCTYY oH-
pUKMeJepANH HYKH chepachblH TY3YIIOT. AJI MU KOMIIJIEKCTYY HOHAYH
zapsifblHa KapaMa-Kapllbl 3apAATa 33 GOJITOH HMOH 2Ke 2JIeKTp »KaKTaH
HelTpaaayy 0eayKue cepaHblH ChIPTHIHAA skamiramar. CpepaHbIH ChIP-
THIH/IArbl HOHAOP KaHa 3JIEKTP KAKTaH HelTpaJIAyy MoJieKyJjlajJlapAblH
capbl KOMIJICKCTYY MOHAYH 3apA//lapbIHbIH CAHbIHA, »KapaTblUIbIIIbIHA
fait1aHbBIIITYY 00JIOT.

Vinya auTbUIraHAapAbI TOMOHKYAOH MHcajjap MeHeH AaJdJJell
KOpPCOTOJIY:

Co(NH;)g [Clg s Ks[Fe(CN)s]; K,[PtCl,];
K, [Fe(cN)s]; [Cu(NH;), ]SO,

Koropky/ail KypaMaarsl aipbIM KOMILICKCTYY OMpHKMeJIepAUH CTPYK-
TypaJblK (pOpMYyJIaChIH, MIKH cepaHbl 4apybl Kallaa, ThIIIKbI chepaja-
bl HOHAOPAY KOHOKOM KOPCOTYII Ka3ajbl.

i NH ks E CN jjiee
HoN{ }\H;; I K+ I\C\E/CN
| 1
>CO\ Cl’ K"’ /Fe\\_
H,N | NHg| €I k* | n¢ | T©N
8 NH; : 3 CN d

By cTpYKTYpaJbIK (hopMyJiaJia 60pOOPAYE KOMILJIEKCTH naijia KbUIyy-
yy aTOMJIOPAY KaH/Jad aHHOH/0p KaHa 3JIEKTP sKaKTaH HeUTPaJIAYY MoJIe-
KyJjgajap Kypdal aJilaHbl AaaHa KOPYHYI rypar. KoMIDIeKCTH Hai/ia
KHUTYYYY aTOMAOPAY e HOHAOPAY KOIHyIyK yayp/a KOMIJIEKCTH IMauja
KBUIYYYy 60pOOPAYK aToM KaTaphl Kapamiar. IleMek, KOMILJIEKCTH ITai/ia
KBLIYYYY 60pOOPAYE aTOMIYH BaTeHTTYYIYTY 3aps/Iyy HOHJOPYHYH CaHBI
veHeH KopcoTyaor. A. BepHepAH KOOPAXHATIUAIBIK TeopHACHl KOMILIEKC-
TUK OMpPHUKMeJepAUH >KapaTbhUIbIIIbIH, CTPYKTYPAJIBIK TY3YJIYIIYH KaHa
KacHeTTepHH OKYII-YHPOHYY/16 HeTH3rH OPYHAY 93JIerT. ¥ 0OAKBITTBIH OTYIITY
MeHeH 00pOOp/IYK aToM MeHeH Juraniajlap/bH OpTOCYH/Iarbl apaKeT KY4Topy,
6aiiIaHbIII 03TrOYOJIYKTOPY TAKTAJBII TypaT.

KoMILIeKCTHK OHMpuKMeepad KOmdYJIYK yIypAa KOOpAUHAIAAJIBIK
oupHKMeJiep Jlell la aTaniar. Bop6opAyK aTOMAYH TereperuHjie anbl Kyp-
yaI yKYpreH JUragfazap KOOpAXHAIMAIBIK CAH jen atajgaTr. Ajl KOOpAH-
HAIUSIBIK caH 00pOOPAYK HOHAYH Ke aTOMAYH BaJICHTTYYJIYKTOPDYHO 7Ka-
pama 6osioT. A. BepHep KOLITOIOH KOMILIEKCTYY OMpHUKMeepAd aHaJIn3/100
MeHeH TOMOHKY/10M KBIMBIHTBIKKA KEJIreH. 6opOoOpAYK HMOHAYH 3apsjibl,
TaKTal afTKaHAa, bopOOPAYK aTOMAVH OKHCTEHYY Aapaskachl KOOp/AMHA-
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[IMSIIBIK CAHTA TAaCHp 3TYY4Y HErM3rH (paKTopiopAoH 6osor JereH. ToOMOHKY
KOMILIEKCTYY OMpHKMeJIepINH d9pUTMeJIepUH/le Ke3/elnyydy 60poopayK HOH/IYH
3apsiapbl MEHeH KOOPAWHAIMAJIBIK caH/ap OepHreH.

Me!*t — 2: Me?* — 4,6; Me®*" — 6,4; Me** — 4,8

Mucauasl, Pt'? KoopiHHAIUAJIBIK CaHBI 4.

[Pt(NH,),|Cl,;  [Pt(NH;);Cl]NH; - Cl

Komr Ty3ap kaHa KOMIIJIEKCTHK OMpHUKMeep

[IlenouTyy Kep MeTaJJJapAblH Ty3Japbl MEHEH alpbIM 6TM6 Me-
TaJIIAapAblH TY3AapbIHbBIH 3pDUTMECUH KPHCTAJJIAALITEIPran/jia 3puTMe-
AeH TaTaaJ KypaMjarsl Kol Ty3ZapAblH — KBacITap/JAblH KpHUCTAaJJI1a-
psl 6eyHYI ubiraT. Mucansl, Marauil cyabdarser MgSO, MeHeH XpoM
(ITI) cynbpdhaThIHEIH apajlalliMaaapblH Cyyra 3pUTHII KPHCTAJJIAAIIThID-
ragja TaTaaJ KypaMaarsl KpHCTaJUJIABIK 3aT OOJYHYII UbITrarT:

MgS0; - Cr2(S04)3 - 24H20. Ilaitga 60JroH KpUCTAJIABIK 3aTThI CYyAa
3PHUTCEK, aJl TOJIYK KypaMAbIK 00JYKYOJOPYHO a’KbIpall KeTeT:

2+ 34 2=

MgSO, - Cr,(SOy4); - 24H,0 2 Mg + 2Cr + 4S50 , + 24H ,0

By apuTMeie KapMaJIblll »KYPreH HOHAOPAY aHAJIUTUKAJIBIK peareHT-
Tep/MH »Kap/aMbl MeHeH aHbIKTan ajicak 6osor. Cyyaarsl apuTMesepuH-
e ke DaJKbIraH 3pUTHHAMCHH/e ap balrka MeTasuIlapAblH KaTHOHAOPYH
YKaHa KHCJIOTa KaJIJIBIKTaphiH Iaia KbUITaH 3JIEKTPOJIATTEPAHN KOIII TY3-
nap gen amra6srz. Mucanasl, KAI(SO4)z2, KoaNaPOy x. 6. Komr Tysaap
KOMILJIEKCTHK OMpHKMeJIep/ieH aiibIpMaJjlaHbINl cyyAarbl 3pUTMeJepruH/jie
YKOHOKOM MOHZOPTO a’KbIpalar.

AJI 3MH KOMIIJIEKCTHK OMPHKMeJIepAMH KypaMbIHAA Jarkl 9KH Oali-
Ka MeTaJlJIjap KapMaJblll KYypeT. AJlap a KOILI Ty3Jap ChIAKTYY MOHIOP-
ro aKpIpamiar. BHpoK Kol Ty3zapAaH albIpMajIaHbIll KOMIJIEKCTUK TY3-
JAap TaTaaJ aHHOH KaHa KaTHOHAOPAY, 0. a. KOMIIJIEKCTUK HOHJOPAY
Imaija KpUIblnaT. Mucassl,

[Co(NH;);]Cl,
K, [Fe(CN), |
[Cu(H,0),]80, - H,0
KOMIIJIEKCTHK TYV3ZlapbIHBIH JHUCCOIITHAIIUACHI TBMBHKY,!IBﬁ boJsioT:
[Co(NH; ), |1, 2 [co(NH,), |37+ 301"
K,[Fe(CN),| 2 3K* + [Fe(CN),|*

Jrepjie 6opOdOPAYK MOH 3JIEKTP JKaKTaH HeUTpaJIAYyy MoJIeKyJa Me-
HeH DaMyaHBINIKaH/Ia, Haujga 00JIITOH TaTaayl KOMILJIEKCTYY HOHJIVH 3apH-
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16 KOMIJIEKCTH mIaijga KeUIrad 6opbop/ VK HOHJAYH 3apsAAbIHA, ajll 9MH
AHMOHAODP MeHeH OalyIaHBIIIKAH/a alllblKYa KapMaJblll XKYProH aHUOH-
AVH caHbIHa 6apabap 3apsjra 93 6osoT. Kol kaHa KOMIIJIEKCTYY OMpHUK-
MeJiep 9K00 TeH 3JIeKTPOJIMT 0010 aJbIlIaT.

KoMniekeruk OMpuKMeIep/IMH HOMeHKJIATypachl

KoMIIJIeKCTHK OMpHUKMeIepAy aToo/10 KeHMPH KOJIZIOHYJINaH HOMEHK-
jaTypa — ajlapajblK, KOJJIOHMO KaHa TeOPHUAJIBIK XMMHKTEDP COIO3YHYH
OpraHMKAJIBIK 3MeC 3aTTap/blH HOMEHKJIATYPAJIBIK KOMHUTETH CYHYIII KbLI-
raH aTajJblIITap KoJJ0HYJaT. AHBIH KbICKa4a Ka3bLIbIIIIbI (IUPAK).

KoMILJIEKCTHK OMpHKMeJepAn aToo/10, djlapajbIK, CHCTEeMAJIBIK HO-
MeHKJIATYpPaHbl NaijajlaHblln, OMPUHYN UYKHU chepazarsl JUraggaiap-
IbIH KypaMbl, aHJaH KHAUH 60pOopAyK HOHAYH OKHCTEHYY Jlapa’kachl
pPUM IIM(pachl MEHEH KOPCOTYJYI, aKbIPbIHAA ChepaHbIH ChIPThIHAAIB]
HOHZOP ’Ke HeHTpajAyy MoJiekyjaajap arajiar. KoMmiekcTYy HOH oup
co3 MeHeH aTajar. Jdrepje JUTaHJaHbIH KypaMblH/Ia aHHOHAODP 60JICO,
aJlapAblH JIAThIHYA aTAJBIIIbIHA «-» JeUC KOIOJIYII araut. MucaJjusi,
Br-6poM-, Cl-xiop-, CN--mmaH-, SO% -cynbdar-, SOj -CyIbdHT-
skaHa bamka. AHJIaH KHUUH HEUTpaJAyy MoJIeKyJjajlap aMMHaK KaHa

cyy arajzaT. AMMHaKThl aToOO/0 «aMHH», CYYHY aTOO/O «aKBa» Tep-
MHHJAEepH naujgajgaHbliar.

JInrannaiapablH caHAaphl IPeK caHAapbl MeHeH KOpCcOoTYJIYI (1M, TPH,
TeTpa, IIeHTa, FeKca, renra . 0.) 2Kas3bUIbII, aTajar. Mucasl,

:CO(NH3)5]C13~ rekcamMMmuaKko0ansT (II1) xnopuau,
:CO(NH3)5 : HZO]CI — akBanesramMMuHEKo006anbT (III) XMOPHAH,
:Pt(NH3 ), Bry ]— nubpoMm-aunamMmvuHIIaTuHa (1),

:CO(NH3 )3(NO, )4 ] — TpuHHATpoTpraMMuHEKOOaILT (11I),

iPt(NHg) 4C12]C12 — nuxJiop-rerpaMmMuHILIaTHHA (IV) XoIopuawn,

:Ag(I*JH:,,)2 ]Cl — muaMMuHapresr (1) xiaopunu,
K, [Fe(CN)ﬁ]-— rexkcanuag-geppar (III) kanumn,
[Cr(Hzo)3 FS]— tpudTOop-TprakBaxpoM (III).

Drepje KOMILJIEKCTYY HOH aHHOH 00/1C0, aHJa aHBIH aTaJIbIIIbIHA AT
MY4ecy KOoIlyJar.

(NH4)2[PdCl4]— aMMoHHIITeTpoxdop-nasiaaaar (I1),

K[PtNHaBrﬁ] — kanuinesTabpoM-amMuHILIaTHHAT (IV).
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§ 2. KomnuiekeTHK OMpHKMeIepaud KiaaccuuKamsichl

KommiekcTuk 6upuKMesiep KypaMbIHA YKaHa TY3YJIYIITYHO, KaCHeTTepH-
He DaiUIaHBIIITYY TOMOHKYOH KjaccTapra GeJyHOT: aMMHaKaTTap, axsa-
KOMILJIEKCTep, alliZIOKOMILIEKCTep, TYIOK YbIHXKBIPJIYY JKe XejaTrap. Byaap-
JbIH ap OMpHHe KbICKa4ya MYHO3/10Mo bepeJii.

AMMHaKaTTap — KOMIUIEKCTHK OHPHUKMEHUH JUTaHAaIaphl aMMHUaK
MOJIEKYJlajlapblHAaH TypaT. MbIHAal OMpHUKMeJlep aMMHAaKaTTap Jlell ara-
jaTt. Mucaisl,

[Cu(NH;),]s0, ; [Co(NH,),]Cl

[Pt(NH,)s]Cl,; [Ag(NH,),]Cl,

Bynapnan 6amka KypaMbIHAAa a3oTTy KapMal >KYPreH aMHUHJIEp
JIATAaHJAAHBIH POJIVH aTKapraH KOMIJIEKCTYY OMpHKMesep fa Gearmiyy.
MBiEZa JATaHOAHBI MEeTHJIAMHMH — CH;NH,, C, H, -NH, — asrunamun
xaHa NH,-CH,-CH,NH, — sruesgnamMus tyser, MMH,U,aH OupuKMeep
aMMMHAaTTap JIeIl arajar.

AxBaKoMIJIeKCTep — MBIH/al KOMILIEKCTYY OMpHUKMeJIepAuH JTUTaH-
AQJIAPBIH CYYHYH MOJIEKYJIachl TY30T Ke JIMMaHAaHBIH KypaMblHa OalIka
ATOMAOPAYH TONTOPY (AHHOHAOD, 3JI€KTP KaKTaH HEeHTPaJIAYy MOJIEKY-
Jlajiap) MeHeH 6upre 6os10T. Kpucraupamkas cyy nuky 4eiperyH KypaMBblI-
Ha KUpbelT. Mucausbl,

[Al(H,0)6]Cl3; [Cu(H,0),](NO3),; [Cu(H,0),]S0, - H,O

HelpeHYH ChIPThIH/IA JKafirallKaH KPUCTALIIAIIKAH CYY, bICHITKAH-
Jla XXeHHUJI a’KbIpall KeTer.

AllMI0KOMILIIEK CTep. AIUIOKOMILIEKCTYY OMpHUKMeJIepIMH JIUraH/1a-
Japel aHHOHA0D bosymiar. Bysapra kour Tysfap THOMHIErH KOMIIIEKC-
Tep KupeTr. Mucaisl,

K, [PtClg | K 4[Fe(CN);] Nag|Co(NH, )6 ]
ByJ1 6MpuKMestep/ Ko Ty3aap THOMH e Kazcak 00JI0T, MHCAJTIHI,

PtCl,- 2KCl Fe(CN),- 4KCN

AINIOKOMILIEKCTepre KOMILIEKCTYY KHUCJIOTaIap, THJIPOKCOKOMILJIEKC-
Tep 1a KupeT. AJlap/IbIH MHCAJ1aphl,

H,[SiFg ]| : Hj[CoCl,] ; Na,[Sn(OH),] x. 6.

ApaJibIK KoMILIeKcTep. APajIbIK KOMILIEKCTepANH JIMTaH1aJ1apbl Hel-
TPAJIAYY MOJIEKYJIaJlap/laH, AaHUOHAOP/IOH TypylIaT. AMMHAaKaTTap MeHeH ally-
AOKOMILIEKCTEPAMH apaJjbIrblH 33JIEIeH 6TMO KOMIUIEKCTepAMH KaTapbIHA
TOMOHKY OMpUKMesiep KupeT. Mucasbl,

[Pt (NH;);Cl]Cl [Pt (NH;), |CL, K[Pt (NH;) Cl, ]
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TyI0K YbIHKBIPJIYY KOMILIEKCTEP K€ xeJjaTrap

By 6upukMesep/e KOMILJIEKCTH naiina KeLIyy4dy 60poopAyK aToM
YBIHYKBIP/BIH KyPaMblHa KMPHII, JTUTAHAAIAD MeHeH KOBAJIEHTTYY, AOHOD-
AKIIeITOPAYK ’KaHa aTOMAOPAOrY JKYICY3 3JIeKTPOHJOP apKbLIYY Oau-
JaHBIII TY36T. MBIHAAH THNTErX KOMILIEKCTED aMHHOKapOoOH KHCJIOTa-
JapblHa MYHO3/YY. AHBIH sKOHOKOII OKYJY aMHOHOYKCYC KHCJOTAChI
NH.~CH = COOH riaunmue 6Goyyn caHajzaT. AMHUHOYKCYC KHCJIOTACHI
TOMOHKY KaTHOHJIOP MEHEeH (Cu'?, Pt*%, Rh*’) xemaTTap/Asl Imaijia KbLJIbI-
maT. AHbI TOMOHKYAOM »Ka3blll KOPCOTOIY:

Hos =it NH, o
\ 2
‘ Cu / l
0=C ——-0/ \0 c—0
0
g
H C/ \Ox == AHZ\‘“CH
. = S i =
NH5 00—
|
O

XejaTTap, TaTaaJ] KOMILIEKCTep KajlbIChIHAH KOMILJIEKCOH/IOP
Jlenl aTajiaT, ajJap/bl KOIMOPKY AMHHOKApOOH KUCJIOTaJaphl a manza Kbl-
JIBIIIAT.

§ 3. KoMmmiekcTHK OMPUKMeJIep/IAnH N30MEepPHUAChI

Mosekyanapbl 6upjed CaHJbIK, camaTThIK Kypamra 33 Ooiym,
TY3YJIYIlY 2KaHa KacHeTTepH G6oloHYa aiiblpMaJlaHraH 3aTTap H30MepJep
el aTaJIapblHE 6uIecuHep. 3aTTapAbIH XHMHUSJIBIK TY3YJIYIIYH H3UJI/100/10
n3oMepHs KyOy/ayIIyHa Heru3ru OpyH TaaH/bIK. DKcIepUMeHTTEeH ajlblH-
raH MaaJbIMaTTap KOMILIEKCTHK OMpHKMeIepAnH pzoMepJepu 6ap ake-
HUH aanuiagenn. by OupukMesepze M3oMepHUAHBIH OUp KaH4Ya TYPJIOPY
6ap. AnapAblH aipbIMJapblHa TOKTOIOIY. [eoMeTpUAIBIK, M'HAPATTHIK,
MelKMHAUKTHK, IAC- KaHa TPAaHC- H30MepJIepH 7K. 0. 6ap.

[eoMeTpHAIBIK H30MepHUA. KoopAHHAOUANBIK OMpPHKMeIepAnH
KypaMblIH/larsl JIMTaHAa1ap 6opOOPAYK aTOMAYH TereperuHie CUMMEeTPHAIYY
sxaiiJTaHbIIICA, AHBIH KOODAMHAIMAIBIK CAaH/Iaphl wyn — 2, 4, 6 cagaap
TypyEAe 6osoT. AHJIAa ajapra TOMOHKYIOH reoMeTPUAIBIK KOHPHUIYPAIIHHA-
jaap Tyypa KeJjer.

KoopAHHAIAAIBIK CaHbI O 60Jr0H KOMILIEKCTYY OMpHUKMe OKTA3/Ip
THOMHE 9KH H30MEepAUK KOMILJIeKCTep TYPYH/A® skarmanT. AJlapAblH KY-
paMbIH IAPTTYy TYPAS® TYIOHTCAK, TY3YJIYIITOPY TOMOHKY0U 00JIOT.
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1 @ — CbI3bIKTYY A — TeTpaspnuk

2 —)Xannak Kksagpar
— OKTa3ApPMK
A X
A | XESEI W R S S | NH,
|
= ;
A e e ) NH, X [ A NH, cI
A X
Uuc-n3omep TpaHc-u3omep

IIuc — kaTapJjall KaHa TpaHC — KapaMa-KaplIbl JKaurauar eregiu
6unguper. JLOropKy KOMILJIEKCTHK OMpUKMezie X JIMTaHAAHBIH JKaHra-
IbIIIBIHA KapaTa 3KH 0alnka udoMepJiep naiga 6oaay. KoMmmiekcrepinH
reoMeTPHUSAJIBIK TY3YJIYIIY aTaJbllITapblHA 1a TaacHp aTeT. MucaJsl,

mic- [Cr(NH;) 4 Cl, |; Tpanc- K|[Co(NH3),(NO3), |

3aTTapAblH aTaJbIIITapPbIHBIH aJI/bIHA H30MepJIepANH THIITePH Ka-
3BLI/IBI.

'maparThik H30MepusA

JKCIIepUMeHT MeHeH aHaanageregae xpom (I11) xsmopuinHUH KpHC-
tajaaoruapatel CrClg - 6H,0 ToMeHKYA611 TY3YJIYHITO 0010 TYPraHbl AHBIK-
taygapl. CYYHYH MOJIEeKYJIaChlHBIH KOMIIJIEKCTHH KYpaMbIH/la »Kauralilbl-
bl 00I0OHYA ap TYPAYY. AHBI TOMOHKY/10M TVIOHTYII KOPCOTCOK DOJIOT:

[Cr(H,0)¢]Cl4
[cr(H,0); - Cl]Cl, -H0
[cr(H,0), - Cl,]Cl- 2H,0

MpIH/Ia CYYHYH MOJIEKYJIaChbIHBIH ap TYPAYY OPYH aJIblllIbIHA 2Kapallla
KOMILJIEKCTHK OMpUKMeHMH OHYHYH KaHa Oalllka KaCHeTTepUHHUH 03ropYIILY
Oailikasar. Bya Mucangapza cyyHYH MOJIEKYJIachl JIMraH/Ja TYPYH/10 HUKH
4ol pe/1e KaHa KPUCTAIIJAAIIKAH CYY TYPYHJIO CBIPTKBI 4YOHPOJO sKaura-
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meiaThl. CYVHVE MoJIeKyJlachl KaH/lail OpYH ajica la KOMILJIEKCTHH KypaM-
IBIK 0eJIyry 60JITOHAYKTAH MbIH/AaM OMpUKMeJIepAN F’HAPATThIK H30Mepus
neious. DKCIepuMeHT MeHeH JlajliJl/leHreH/le KPUCTAJUIOrHApaT aKkBaKOM-
IUIeKCKe 2KaHa KPUCTAJJIONHAPATThIK KOMILJIEKCe OTYIl TyparT:

[Co(NH;3)5NO, |(NO,), - HyO; [Co(NH;); - H,0](NO,);,

Kenuy/Iyk KOMILJIEKCTYY OUpHKMeJIep cyy/ia 9pul, KOMILJIEKCTYY HOH-
zopro a)kpipaiT. Mucasl,

[cr(,0)5]Cl, S [Cr(H,0)4]%" +3CI°

Bys yuyp/a KOMILJIEKCTYY KaTHOHJAODPAY Maijia KbLIJBIL. A smu
K[Ag(CN),] axpIparagia KOMILIEKCTYY aHHOHIY mamja KpljarT:

K[Ag(CN),] 5 K™ +[Ag(CN), |

[[IapTTHIH 63TOPYIIY MEHEH KOMILJIEKCTYY HOH/IO0P YKOHOKOU HOH/0D-
ro 4eliMH akbIpalllbl bIKTHIMAJI.

K[Ag(CN),] & K* +[Ag(CN),|” S Ag® +2CN”

KoMIIeKCcTHH KypaMblHA KUPreH MOHJ0D 63460PYHO MYHO3/YY peak-
TUBJEPAMH KapjaMbl MeHeH TaaHbuIaT. OIIOHAYKTAH KOIYYJIYK KOMII-
JeKCTYY OMpHKMeslep aHAJIUTHKAJIBIK XUMHUAAA KOJZIOHYIaT. AHaJATHUKA-
JIBIK XUMHAAA «YyraeBUH peakUsACHI» JlereH aT MeHeH HUKeJIJTNH Ni*?—
KAaTHOHY dPUTMe/IeH CAHJABIK »KaKTaH OpraHMKaJbIK peareHT-AuMeTHJIrIN-
OKCHUMAa MeHeH aHbIKTaIaT:

CHj C C CHj
HO N N OH
AUMETUNTNIMOKCUMA

Vinya 3atr MeHeH Ni’® — KaTHOHY a4bIK TYCTOI'Y HUKeJIb KOMIUJIEK-
CHH Imauja KbpLjiarT.

Muky cepaHbIH KYpaMbIHA Kapallla KoMILIeKCTYY OMpuKMesep Ka-
THOH, AaHAOH THUIITerx OMpPHKMeJiep KaHa 3JIEKTPOJIUT dMeC TUITErd KOM-
IJIeKCTYY OMpuKMesiep OoJryiar.

Cyya 3pUreH KOMILIEKCTYY OMpHKMesiep KY4TYY 2JIeKTPOJIUATTEp ChIAK-
TYY TOJIVK 60i1/I0H KaTHUOH KaHa aHUOHAOPAY 1ai/ia KbUJIBII asKbIpaliar.

[Pt(NH,),]Cl, S [Pt(NH,), [’ +2CI"

K,[Ptc1,| 5 2K* +[Ptc1,]*
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Merazgai guccollHanusa OMpPHMHYM KaTapjars! Adcconuanus 00JoT.
[Taiiga 60JIrOH KOMIOJEKCTYY KATHOH »KaHa aHWUOH OeJrujyy OYTYHJIYKTO
bosymar. A aMH chIpTKEI chepagarsl xjaopug Cl- xama K* karuony
KaJIAH XJIOPHAMHHUH AUCCONMAIMACHIHA OKIIOI HOHAOPAY Iaijia KbIJI/bL.

JducconanusaAHbIH 3KMHYHA KaTaphl JIATaHAaHbLI 00pOOPAYK KOMII-
JIGKCTH IIaiJ1a KbUUIIYYYY/IaH a’kbIpaTyy 3KH DacKbIUTa JKYPOT.

BLCIRES S PtCls Gl

PtCl, 2~ — KOMIUIEKCTYY HOH Havap 3JIeKTPOJIHT

KoMIutekeTyy HOHAOP KaTyy 3aTTapjia KaHa apuTMeJieplie Kea/eler.
By KoMILIeKCTYY HOHAOPAYH aipbIMIapbl OHOJIOIHAIBIK IIpolleccTep YYYH
6Teé MaaHWIYY. KOMIJIEKCTHK MOHAOP OCYMAYKTOPAYH OCYIIYHJIO, KAaHBI-
OapJiapAbIH KAlllOO-THUPHUYMJIUTHHAE, 6eJITHIYY (hU3HOJIOrHAIBIK IIPOIlecc-
TepAe He'H3r! poJjay oMHOUT. Mucasbl, reMOIJIOOMHINH KYypaMbIHA KHP-
reH KBI3BLJI MUI'MEHT — 'eMHH >KaHa OCYMIYKTOpPIe »Kalllblil oHJlY ODeprex
XJIOPOGHILI Jarsl KOMILJIEKCTHK OMPUKMEHHH KYpaM/IbIK 00JIYKTOpY 60JIyI
acenreJieT. 'eMorsiobnHE TeMUPAHH KaTHOHVH KapMall KYProH KOMILJICKCTYY
OHpHKMe, aJI 3MH XJIOpOoh LI MATHUUANHE KOMILIEKCTHK OMpUKMecH 601y
acenTesieT. MarHuM eTMe ajeMeHT 00Js100co f1a a1 nmaWaa KeLIrad XJIOPO-
(bHJIJI ©3YHYH alpbIM KacHeTTepH 60I0HYA reMorsioOMHre »KakblH. /lemMek,
KOMIUIEKCTHK OMpHKMeJlepJ 6TMO 3dJeMeHTTep/leH Oamkasap Ja naiaa
KbLIa ajaT. OcyMAYKTOp6H 06JIyIl ajJrad XJIOPOMHIUIAA aHaJIHU3ereH /e
6upu-6upHuHe oxkmrom A »xaHa b xjopoduiiaieH Typar. Ajsap CTpYKTYpachl
6oroHYa alfbIpMaJsiaHbIIaT. OTe MaljalaHraH KaTyy 3aTrapra ap TYPAYY
Aapaskajia afcopbuusIaHbIIaT, VIOYHAAR bIKMa MeHeH A xJyiopohwnian b
XJIOpOHILIIJIeH a’KbIpaThIIl ajica 60JI0T.

L]
.) Cypoonop XaHa KoHYryynop

1. Komnnekctyy bBupukMeHun kaHgaw TylwyHecyHop?

2. KomnnekcTtyy bupukmenepaeH mucan Kentupun hopMynachiH xaarbina.

3. Komnnekctyy bupukmeHuH Kypambl KaHaaw? Kaupan 6onykToH Typat?

4. Komnnekctyy BUpukMeHuH KypaMblH KOPCOTYY4Y CTPYKTYpanbik hopmyna-
CbIH Xa3arbina. Kypamabik bonyktepyH artarsina.

5. Komnnekcryy bupukmenepanH HoMeHknatypachl KaHaan?

6. Komnnekctyy 6upukmenepauH kaHaaw tuntepuH 6unecurep?

7. AMMUakaTTap xaHa akBakomrnnekctepre Mucan Kentupun, ararsina.

8. AunaokomnekcTep Aen KaHaaw 3atrap/bl TyWwyHOCyHop?

9. Kow Ty3napaaH komnnekctyy GupukmenepauvH anbipmacsl amHege”?

10. Komnnekctyy bupukmenep kaHganya auccoumaumanaHar?

11. KoMnnekcTyy KaTUOH XaHa aHMOHIro Mucan Kentuprune.

12. KomnnekcTyy bupukmenepanH kaHaam naomepnepuH bunecurep?
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13. Komnnekctyy bupukme aen 3MHeHW antabbia?

14. Komnnekctyy bupukmenepanH MaaHUCK kaspaun?

15. FeMuH XaHa xnopogunn TyWYHYKTepY SMHEHW KopcoToT?

16. YW oCyMAyKTOpYHYH 6up xanbbiparbiH ansim, axbl Mawnaanan asblpaak
0N4YOMAONY CrUPTKe 3pUTKUNe. OMHEHM 6avkaabiHap? CnupTtTe 3pun XyproH xno-
pohunNauH Kypambl kaHaaun?

17. Bapablk KomnnexkcTyy bupukMenepanH IpurntTuri KOHYH/I0 KaH[au oloHap
bap?



X1 znasa

NTUCIIEPCTHK CHCTEMAJIAP AHA
KOJIJION/T/ITUK 9PUTMEJIEP

§ 1. J/lucriepcTHK cucTeMaJiap KOHYH/10 TYUIYHYK
’RaHa aJap/JAblH KJIAaCCU(PUKAIHACHI

@ Bup 3ammuin weupecynde bawka zammapdvti mauda 601yKvea6py
mezu3 mapanbln HypzeH KU He aHOaH Ken KoMnoHenmmepoen mypaan
zemepozeHAyy CuUCmMeManbl TUCIIEPCTHEK Jlell aTaibbI3.

Yeiipere Teruns Tapajiblll KYPreH Maija 00JYKY0J0p AHCIePCTHK
¢aza, ay 9MH omI0J] O6JIYKU6JI6pAY KaMThIIaH 3PUTKHY IUCIHEPCHAIBIK
yeupe Jen arajar.

Mucaibl, YaHAYY aba MeHeH blIail CYYHY aJicak: TOIYPaKThIH Mai-
aa 6esyK4esiepy AUCIEPCTHK (a3a, ajl 9MH aba MeHeH Cyy AUCIepCHSIIBIK
yeipe 00JIyII acenTeerT.
® Kamyy zammuotH 66ayK4OI6DY CYHOKMYK YOUPOCYHAO Mapanblin ¥ypzoH
cucmemanap (k/c) cycnenausiaap Aen aranar. KoHIeHTpalluaayy Cyc-
IeH3WsUIapAbl IacTanap Aemer. Mucaibl, THII Kyydy Hacraiap, oer-
Maiaap k. 0.

7Kep KBIPTHIIIBIHBIH KaHa YOKMO MHHepaJ/lap/ibIH naija 00ayIIyH-
a, 971 yapbachlH/la CYyCIIeH3UsAIap/AblH MaaHUCH YOH. Mucabl: KypyJylill
MarepHajapsl (IleMeHT, bllal, akTulI k. 0.), boek, Nax, ajicopbeHTTED,
YKapaTThl Mailyloouy Maiiaap, QyHrHANNAAep, HHCeKTHIIHJIep, I1acTalap
. 0. cycneH3Us TYPYHAO® KOJJIOHYJIAT.

@ Bupu 6upunde spubezen, sku cylokmyrkmyH bupu IKUHYUCUHDe Mau-
da mamuvtaap mypynoe mapaavin #ypzen ducnepcmuk cucmema (c/c)
aIMyJbCHMA Jel aTagar. Mucaabl, KepocuH, 6eH30J, MaH/bIH CYY MEHEH
apajialliMachl K€ KaJJUMKH CYT. OMYJIbCHAHBIH TYPYKTYVJIYI'VH KOOOMUTYY
YYYH ara aMyJIbraTop el aTajraH 3aTThl KOLIYIIAT. IMYJIbIaTOPJIOPAVH
CBIPTKBI OeTH aKTHUB/YY 3aTTap.

@ Youpecy zas, an amu ducnepcmuk asacvl YK, Kamyy 6021201 duc-
nepcmuk cucmemaaap ( myman, 6yaym, mymyu, wvandyy aba x.0.) aspo-
30J10P Jlell aTajar. A3po30Jiop ailbll YapbachlHa 3bIAHKEYTEPAN HOK
KBUIVVY/a KEHUPH KOJIZIOHYJIAT.

A3p030JI10pro YaH, TYTYH (AHCIEePCTHK (asackl KaTyy 3aTTap) KaHa
TyMaH (AUcCIIepcTHK (pa3ackl CYIOKTYK) KupeT. Mucaisl: 4aH — 0T Mauaa
TONYPAaKTHIH, YOIIOHYH O0OJYKYOJIOpPYHOH; TYTYH — KYHOOIoH KOMYPAYH
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KYKYMZAOPYHOH, KYJIJ6H, bIIIITaH; TyMaH a0ajarsl CYyHYH OTO Maiza TaM-
ypUIAPbIHAH TYPraHAbITbl Oearuiayy. Aapo30jiop, dpexKe KaTapblH/A II0-
JUAACIIepCTYY cHcTeMajap O0JIrOHAYKTaH, ajap KOm4uyJYK KacHeTTepH
HOIOHYA KOJIJIOHIUK dpUTMesIepre OKIIIONI 00 IyIIarT.

IucrepeTyK (hasachl ras, ajl 9MH AUCIIePCUASIIBIK YOUPOCY CYIOKTYKTaH
TypraH cucTeMa KoOYK jem atajgar. Ap 6up keOyk OMpH OMPHHEH OTO KYKa
KabbIKYasIap MeHeH OOIYHYII TypaT. AJl KabbIK4uajlap Te3 X yKaphblll KOOYKTOD
yKapblIaT /1a, Oupy 6MpHHe OUPHUTHUII, 6T6 MalAa TaMYblIap/bI nanuja Kbl-
nat. Bysn mpomece KoajecueHnus gen aranar. Kas 6up 3arTap (MHCABI,
cyyia 3pureH 6eJIOKTOp) KOOYKTYH CYIOK KaOblKkdajapblH/ia (KaObIKIaHbIH
HYKH 6eTH ra3 MeHeH TUHHIIIKeH KepuH/le) KOJUIOMIMK CUCTeMaHbl Tan/ia
KbLIAT /1a, KOOYKTOPAYH TYPYKTYYJIYI'YH JKOTropyJIarar.

KosutowytMk gucrneperyy cuereMadiap. JlucrnepceTHK (pasaHbl TY3TOH
HeIYKUeIOpAYH 619eMy D0I0HYa MPH IACIIEPCTYY CUCTeMajlap MeHEeH YbIHbIIbI
SpUTMeJIepAUH OPTOCYHAH OpYH aJjblmar. [IUCHepcTHK (pa3aHbl TY3IOH
6osryxuesepayH exrdemy 10 ° — 10 ° cure geiinn eareper. MbIH/aH O6JIYKIOTI6D
Karas YplIKajap/aH Tyl KeTKeHU MeHeH »XapbIM OTKOPI'YY KapraKdajlap/as
ornoiir. HloHOKOH KO3 MeHeH Kaparasjia TYHYK OHJI0HOT, OMPOK YiIbTPaMHK-
POCKOII apKbLIYY 3PUTKHUYTE TErH3 TapaJIblll XKYProH 00JIYKIeJI0p KOPYHOT.

§ 2. Koanoua 3puTMeJIePUHUAH O3r040JIYKTOPY HKaHa
AJBIHBIII IIAPTTAPHI

KoJLTOMUINK SpUTMesIep WirepTeH aje 6earuiyy. AJjicak, ajJThIH/bIH
KOJIJIONJIINK BPUTMeCH — pyOUH afHeru aJIXMMHUKTep TapaOblHaH aJIbIH-
raH, aJ 3MH JKeJIUM, KMJIKUIIeK 39aK 3Jjie OeJruiayy OOJroH.

Kuitus 3aTTap/ibl KOJUIOK] »KaHa KPUCTAJIJION] JIell 9KH TOIIKO besryy
IApPTTYV 9KeHAUTHH Ta’kpbIiiba ’KY3YH/10 JaduIiereH. AJl KOIIYJIYK 3aT-
Tap/AblH IIapThIH, YOHPOCYH K. 0. 63repTYy MeHeH KOJUJION/A TYPYH/AO Aa,
KPUCTAJJIOU TYPYH/IO 1a aJIyy MYMKYHYYJIYTYH KOPDCOTKOH. Mmucansbl, Ha-
TPUil XJOPUAHN CYY/a YBIHBITHI 9pUTMe, aj 3MH OEeH30JI/10 KOJIOHAAUK
pUTMe Iaiijla KbLiaT; Oejok Oejruyyy OMp Iraprrapfia KpPHCTaJJIABIK
abajma ajgblHAT;, CaMbIH CyyZa KOJUIOMAAH, aJl 9MH CIMPTTE YbIHBII'BI
3PUTMEHH mayjia KbliarT.

KoJLtonjyiep »apaThUIBIITA 6T6 KeHAPH TapKaJraH 3aTTapAblH OupH,
aHBIH IPAKTHKAJIBIK jKaHa HIMMHUH MaaHUCH Koropy. Mucabl, XXapaThl-
JIBIIITArbl Daaayy TalTap, »Kep acThlHJarsl MUHepajap, TaMaK-all Ipo-
IVKTYJapbl, CHIPT KUMUM, OYT KHHUMAep, TYTYH, OYJIyT, JKapaTelIbIIITA-
rbl KUPTHJIT CYYJap, Kep KBIPTHIIIBI, TOIYpPaK . 0. 0apAbIrsl KOJLJIOK/-
IUK CACTeMara TaaHAbIK. AJl 9MH KONYYJIYK OMOJOrHAIbIK CYIOKTYKTAp —
KaH, Iiasma, JuMda, KYJIYH, 6eJI0K, KpaxMasl, IIuIeKen K.0. KoJIJIou-
AUK dpUTMeJIepInE MUcaAaphbl OoJIyIIarT.
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Onep kall eHAYPYIIYH/IE Aa KOJUIOM/UIEPAMH MaaHMCH YoH. AJICAK.
He()THHH OHAYPYY, aHBl KaipajlaH HINTETYYAO, MEeTAJIYPIHUs, TOOKEH
OHOPKAMJIAPBIHAA, KYPYJIYII MaTepHaIAapblH, IIacTMacCaIapabl, CHHTe-
THKAJIBIK Oyjanapibl, KaydyK, pe3HHAaJIap/Abl 6HAYPYYAO, KeajeMe, 606K,
JaK, TaMaK-alll, CaMbIH KalHATYy 6HOp KalJapblHAa KOJJIOHINK SPHT-
MeJep KeHHDH KOJIIOHYJaT. PIIOTANUSAHBIH »KapJaMbl MeHEeH KeHIepAn
0alBITYy, MeTa/UIJap/Abl MEXaHUKAJIBIK, TEPMHKAJILIK HUIITeTYY, CYPOT HIII-
TEPHHJIE KOJUIOHJZHK CHCTeMaJIap/bIH TY3/10H-TY3 THellecH 6ap. Ascak
nap@oMepHsaiIbIK, hapMaleBTTUK OHOPKaIap/aa KomyyJIyK TYPMYII-TH-
PHYMIHKKE KePEeKTYY 3arTap, Iacra, KpeM, Maijlooqy Maijap »KaHa cyc-
IIEH3Us, SMYJBCHSA TYPYH/O YbIraphbljaT. 3aTThIH KOJUIOMINK abasIbIH Te-
PEeHUP3IK OmIICeK, aH/a OM3 TOOTeKTepHHHUH, ap TYPAYY KeH/ep/AnH KaHa
MHHepaJIAapAbIH Nanja 00JyIIyH OHOM 3JIe TYIIYHYN aaabbIa.

Jiep KBIPTHIIBIH HINTETYY/®, aHbIH HYHHEeH HOHAOPAVH OPVH aIMa-
mMyy peaKnHusAJIapblH, KBIPTHIIIKA CAHUPHJIreH KoMILiekcrepanH (ITI1K)
TYSYJIYIIYH, KaCHeTHH, I'YMYC 3aTTAPbIHBIH XUMHSACHIH OKYI-YIPOHYYAO
KOJUIOMAHK XUMHASAHBIH MaaHHUCH Oaayy.

OcymaykTepay KypT-KyMypcKajapaaH, 0TOO YOIITOPAOH XUMHUSIBIK
BIKMa ME€HEH apbUITYy/a KOJUIOMJJINK XUMHSAHBIH POJIY 6T 3K0ropy. By
HIOTepre KOJAOHYJIYYYYy YVYJIYVY XUMHKATTAap, CYCOEH3HU s, IMYJIbLCHSHA, TV-
MaH, TYTYH, a3p030JI10p TYPYH/AO KOJJAOHYJIAT.

IMH KOJUIOMIUK XUMHSHBIH HEIH3IH TYIIYHYKTOPYHO TOKTOJIVII Ke-
TeJIU. drepjle AUCIHEPCTHK YOHpPO CYIOKTYK 60JI1co aHAal KOJLIOM/IIIK 3PHT-
MeJIep — 30J10p Aem atagar. Mucasbl cyyaarsl KOJUIOHUIMK 9pHTMeIep —
FEIPO30JIb, CIHPTTErH — aJIK030JIb, 6eH30J110Iy —0€H3030J1b, 9(UPAEeTrH —
3Tepe30JIb Aen auThLIAaT.

[llapTka ’kapama KOJUIOUAAUK 3PUTMeJIep 0316pYHYH CYIOK abaJIbIH
JKOTOTOT Aa, KoloyJjgaHa bamranT. MeIHAaN KoloygaHa 6amTarad KoJjo-
HAZHUK 3PUTMEJIEPDANH TYPYH rejaep Aell Koedya. Asiap 300D CHISAKTYY
FHApoOresib, aJIKOreJlb, aTeporejb . 0. gemn aTajar.

Kojutomaauk spuTmesiep aucnepcTux dhasza MeHeH NUCIIe PCHSIJIBIK
4YOUPOHYH 63apa OMpHUIHIINHe, apaKeTTeHUIIIHHe JKapala Jmopuiyryy (opH-
TeM, cyieM) kaHa Jmododayy (spute anbaitM, KopkoM, cyiibeiiM) 6oy
OesyHYmeT. drepje AUCIepCHsLIBIK yeupecy cyy 6oJico, aHAa IHAPOMMIIYY
’KaHa ruipodobayy 6oy araar.

JIHOQ)HJI.IIW-EOJIJIOHMHH apuTMeJiepre besokTop, HoJHucaxapuaiep,
Kay4dyK, IOJIHaMMU/l ’KaHa KOIOPKY MOJIEKYJIaJIyy 3aTTap/blH 3pUTMeJIepH
KHperT.

JInodobayy KoNIOUANMK dpUTMeIepre — MeTa I Aap/AbIH IHAPO30JI-
AODPY, CYyJIbDHUIIePUHAH 3pUTMeJIepy Mucas 6010 ajar.

TepMoaMEaMUKaHBIH NIPUHIMITEPHHE BLIANBIK AUCIIEPCTHK CHCTE-
Majiap 3 aJAbIHYa aJbIHOAMT. AJl YYYH GesIrusyy 0140M/10 9HEPIrus Ky M-

221



mran, Kagaaiaspip 6up KyMyLI aTKAaPBLIBIIIBL 3apPbLL. MpbIH/IaH THIIIKAPBHI
JIMCIIEPCTHK CHCTeMasap/bl e KaJIIIbl 3J1€ KOJUIOHJUIEPAX aJIyyAa TOMOHKY
Hermary mapTrrap aTKapblIbIIIbl K€PeK.

KosmoMyiep/ay aJyyHyH mapTrapbl

1. Incneperuk (hasa AuCIepCHsiIbIK 4eipe/1e apndenn Kepex (M-
caJIpl Mail JKaHa cyy).

2. KoJIORAAMK CHCTEeMaHBbl aJbIll YIYH AUCIEPCTHE (hazaHBIH AUa-
mMerpuH a =10°-10"" cure KeTKHUPHII KEPEK. AJT ydyH 3aTTBIH OOJIYK-
yeIOpYH Maiilaioo yKe aToM HOHJIOP/AY HOH arperaTia OMPUKTHPYY KepekK.
ONIOHAYKTAH KOJUIOMAAEPAH AJIYYHYH 9KH BIKMACHI 6ap. BupuHYNCH UC-
IepCUAIbIK — 3aPThIH 0OJYKUOJIOPYH Maitano0. OKMHYMCH KOHJIEHCA-
MASUIBIK — Mai1a 6e1YK4esepAy HpH arperaTea yeiluH YOHOUTYY.

3. KoJUJIOMAAMK cHCcTeMa TYPYKTYY Doyl Y4YH cTabuaInu3aTopJop-
[IVH — 2JIeKTPOJTUTTEePANH 00JIyIIY 3apbLIL. Cebedbu 2JIeKTPOJIUTTEePAAH ChIPT-
kbl DeTHHIe HOHJIVK-TH/APATTHIK KaTMap naiiga 6osoT. Mucasbl, Mau/ibl
cyy MeHeH Ta3ajloo/10 CaMbIH nayaajaHbLIarT. |

7Koropky yu mapt Tyypa 00Jrosz10, KOJJIOHIANK OOJIYKUOJIOp JIEKTD
zapsi/ibIHA KaHa TM/IpaTThIK KaTMapra 93 foJIyIIaT Aarel, cucTeMa Heru-
3MHeH TYPVKTYY abajra KeJerT.

JIucrnepcusabIK MeTOl HeTM3NHEH HpH HeIyKUeJIepay Manaiooro
HeruazejareH. AJ Y4yH ap TYPAYY MaujaxarerdTap — TerupMeH CbISKTYY,
MeXaHNKAJIbIK Maiifanoo k. 0. bIKMalapbl KOJIJAOHYJIAT.

[lenTH3alus AVCIIEPCUSAIBIK METOATO MHUCAJ 6oso anar. [lenTu3sa-
M Jell sKaHbIaH Oy3yJIyy/laH manja HOJITOH IeJIAN IelTH3aTop-AucIepc-
THK 4YOIIpOHYH Kap/laMbl MEHEH Maiia00 BIKMACBIH TYIIYHOOY3. Mmuca-
JIbI, TONYPAKTBIH Cyy/arsl 9puTMECH, pUIait kaTyy 0oJio 6amraragja cyy
KOIIVII, apaJIallITBIPBII, CYCIICH3UAHBI KaipajiaH aayy.

KoHeHcalMAJIbIK MeTo DooHYa MOJIEKYJIalapAbl arperaTtrapra ou-
PUKTHPHII, THeIIeJYY AUCIEePCTHK da3aHbIH ©JIYOMYHO YeHNH YOHOUTYY
kepek. AJ YIYH ap TYPAYY XUMHUAJBIK PeaKIuAIap: YOKMOre TYLIIYY, OKHC-
TeHYY-KaJIbIObIHA KeJYY, KOMILJIEKCTH naiina KpUIyy K. 0. manjgaiaHbl-
s1at. HeruamHeH KOHAEHCAIIUAIBbIK bIKMaZa MOJIEKYJIajlap OUPUTHUI, YOH
arperaTTapAbl ajJyyja THellelyy IapTTap Tyypa KeJITeHH AypYycC.

1. dusHKaIbIK KOHAEHcaIusiZa TeMIepaTypa TOMOH/OIIY KEepex.
Mucassl: TyMaH, 6yayT . 6. naiaa 6oayury.

2. JlucnepcHsiJIBIK YOHpOHY DamIKa 3pUTKUY MeHeH aJMallITbIpYyy.
Mucasipl: KOHHGOJIb, KYKYPTTYH CYYAArsl 30J110PY.

3. X uMHUSIbIK KOHAeHcAIlAAa YOKMOre TYIIYYdY ke Hadap 3pHUreH
zaTTap/blH Iaija 60JylIyHa ajblll KeJIreH Gap/bIK peaknuagap KoJj1/10-
HyJIaT.
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JannpicblHAH KOJJIOHAAEPANH (DU3HKaA-XUMHUAJIBIK K. 0. KacHuer-
TepH MHMIEJUIAHBIH TY3YJYILIY MeHeH OaluiaHbIuTyy. MHuIeasa KoJJoOH /-
OUH 9H KUYHUHEe 3JIeKTp »KaKTaH HeUTpaaayy besykuyecy.

Arperar-MmuueJsuia naiga 6oayiy ydyH TOMOHKY KOHOKOM aperke-
Jlep caKTaJiar:

1. PeakuHsAHBIH HAaThIM)KAaCbIHAA Ha4Yap 3pHUIreH 3aT, KOMIIJIEKC e
YOKMe Imauza 6oJIyly Kepek.

2. Al Y4OKMO >Ke KOMILJIEKC MHIleJJIAHBIH SIPOCYH TY3OT. SIIpOHVH
TereperuHe 3JIeKTP TaJ1aachblHBIH TAACHPHHEH CTa0MIN3aTOP/AVH TeKTelll HOH-
0Py aAcopOIUAIAHBIII, IOTEHIIMAJ AaHBIKTOOYY KaTMap/Ibl I1alia KbLIaT.

3. Haporo noreHnMas aHBIKTOOYY MOHJIOP MEHEH KOoIlo OHMp Heue
KapaMa-Kapllbl HOHJI0P aJIcOpOIIUAIaHbII, 3apAIyvy 06J1YKYe — rpaHyJia-
HBIH IIanja 60JyIIyHa ajabll KeJer.

4. I'paHyyaHbIH 3H CBIPTKbLI — ANGDPYIUAIBIK KaTMapblHA, UYKH
cthepara 6arnad KajraH, KapaMa-Kaplubl MOHJOD KaUrallblll, 3JIEKTP
’KaKTaH HeUTpajaayy 0esiyKuye MHIeJJIaHbl Ianjga Kelablnar. HaTeiika-
Aa ajJradykKbl YOKMO J3PHII, KOJJIOUAAHNK 3PUTME — AUCIIEPCTHK CHCTeMa
aJIbIHAT.

§ 3. Koaaouyiepinn Kacuerrepm

Komsnonaauk 6esyk4yesep OH »KaHa Tepc 3apsaaavy O00JIrOHJAVKTaH
3JIEKTPOJIUTTED 3PHUTMECH CBIAKTYY 3JIe 3JIeKTP TOI'VH OTKOPYIIOT. Jpe-
’Ke KaTapbl MeTaJuiap, ajapAblH CyJb(HUAepd MeHeH IaJIoreHUJepH-
HeH nauja 0OJIroH KOJUIOMAAMK OOJIYK4YeJiep Tepc, ajJl aMH MeTasljijap
FHIPOKCHIZIEPUHUH I'PaHyJIachl OH 3apAaAyy dosymar. besiykyesnepayH
3apAAbIH TOMOHKY TaKpbliiba JaJInaerT. 30JIro 3JIEKTP TOI'VH KHOepcek
3apAAbIHBIH OeJIrMCHHe »Kapallla KOJUIOUAAUK DOJIYKUYO 3KH 3JIeKTPOIAVH
OupHuH Ke3xaeu kbliaat (11.1-cyper).

11.1-cypeT. AnekTpodhopes KybynyLiy.
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&  3apaddyy 66ayK4ea6pOYH INEKMP manaacblH0a mMuzpayusicol xe 3a
pAdbLHa Heapauia mueutenyy a1eKkmpo0zo 6azblMmanbli HolAbLULLL JICK-
Tpodopes jen aTajar.

Kos 6up yuypJiap/a 6anrka 3JeKTPOJIUTTA KOIIYyYy MEHEH KOJIJIOHUJI-
UK 6O6JYKYeJI0pAYH 3apsi/IblH ©3ropTYYI'o fostor. Mucabl, KOJJIOUAAUK
6oJIYKUeJIepy Tepc 3apAaayy OOJIrOH aJITHIH 30JIVHYVH YCTYHO, AJTIOMUHUAMN
TY3YHYH 9PUTMeCHH Ky#ca, ajThIH/IbIH KOJIJIONJIMK DOJIYKYeJIepY OH
zapsgAyy 6oJyn Kajar Aa, dJeKTP TajlaacCbIHAa 0arelThIH ©3TOpTYII,
Tepc 2JEeKTPOAro TapThLIaT. drepjie aJIOMUHHMN TY3YHYH OPUTMeECH a3
KyioJica, aJIThbIH/IbIH KOJIOMAANK HOJIYKYOeJIOpY 3apSIbIH KOTOTYI, YOK-
MOre TYLIOT, ajl 9MH KOIl KYyloJjca, yeKIIO 3apfA/blH raHa e3reprer.
DexkTpotopes KyOyIyIly KOJJIOUIUK apaJiallIManbl Hesyy, Tazanoo k. 0.
npolieccTepie KeHUpH KOoJIA0HYIaT. Adrepe 30J4y MeMOpaHa MeHEeH TO-
cyjiaraH OamIThIKKa KYIOI, cyyra cajblll koitcok (11.2-cypeT) >X0HOKOH
HoHIOp MeMOpaHa/laH ChIPTKbBI HAUIIKE OTYII 30JIb Ta3ajiaHar.
@® Jlucnepcusiblk “OUPOHYH MemOpana apiviayy oup ’Faxmyy duppy-
3usACHl IUAJM3 Jlell aTajar.

7K apbIM OTKOPryd 2KaprakyaHsl IeJI0(paH, IepraMeHT 2x. 0. 1asap-
namaT. MbIEAal MeMOpaHajaH 9PUTKUITHH MOJIEKYJIaIaphl, 9PKHH KYProH
Jke THApATTAJIrad MOHJOP 7KeHn AnpPy3usIaHbIIaT, aJl 3MH KOJIJIOH/I-
UK GesyK4esep oTHneiT. bup Heue Koy SPUTKHUTH aJiMalIThIpca KoJI-
JIOMJUIAK dPUTMe TasdajlaHaT. Jrepjie IIporecc Kol HpeT kaydTajsagca, AOH-
JOpPAYH 6apAbITHI KYYJIYyI KeTHI A3eTa-IMOTEHIAAIALL [mapja Kpuiyyra
MOHZOP sKeTHIICH3 0oJyll KajaT Aa, KOJJIOMUALAMK 0OJIYKYe ©3Y KaJbll
6upu OMpHHe KaObIIIBII YOKMOcY TYIIOT. Inanu3 KoJIJIOHA/lepAn Ta3a-
JI0OZI0 TaHA 3MeC, KOJUIOMAANH KapaThLIbIIIBIH JaTHIA06/10 7la KOJIIOHY-
nar. Iuaau3uE bLIJAaM/BITb] 2Kaprak4aHblH feTHHUH YOHAYI'YHa, 3PUT-
KU MEHEeH 30JI1yH KOHIeHTPAIlMAJapbIHbIH aibIPMAChIHA KO3KapaH/bl.
OMmOHAVKTAH AWAJIM3U arbll TYPraH Tal3a IpUTKHUTE KYPry3Yy HIITH
Te3/eTeT.
@ Daexmp mozyHYyH Hapdamv. MeHeH duaauzdu viadamoamyy npo-
weccu 3JIEKTPOHANIM3 Jlell aTajlaT.

Konnoud /"’
H,0 \ A Mem6paHa
— g l_'\ /

[ncnepcTuk
Opurme cuctema
11.2-cypert. [luanu3artop. 11.3-cypeT. TuHaanb KOHYCY.
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DJIEKTPOANAJINS 30J/1Y allIbIKYa HOHOPAOH Ta3aJ00HYH 3(h(MEKTUBIYY
MeTony OOJITOHAYKTaH, OMOKOJLIONAAEepAN (IIpoTenHAep, (hepMeHTTep, rop-
MOHJIOP, IEKTHH 3aTTapkbl K. 0.) Ta3aj10010 KEHUPH KOJIJOHYJIAT.

Kojstonnaepaus garsl 0Mp MYHO3/YY KaCHETTEPUHUH OMPH 3KapbIK-
Thl Ya4YbIpaTyy KOHAOMAYYJIYTY. JPUTMere TUNIeH »KapbIKTHIH YaybIpa-
IIIbI, ’JKaPBIKTHIH KOJUJIOMAJMK DOJIYKUYOJIOpAY aljlaHbIIl OTYYCYHYH HaTbIH-
’Kacel 6oayn acenteser. OMOHAYKTAH KOJUIOHAAUK 3PUTMeepie YaH-
I'BUITTAHYY — OollAJIECIeHIIMA KyOyirymy 6aiikanar. MbIH/Ia KapblK HYPY
THHIEH ap OMp MHIleljIa ©3Y »KapblK 0yJIarsl CBIAKTYY, KapblK UbIlapraH
YEeKHUTKEe OKIIONOH/IVKTaH KOJUIOHAAUK DOJYyKYesIep/y VIBTPaMHAKPOCKOII-
TO 6aiKooro 6os0T. Ko/IOMAANK 3pUTMe apKBLIYY OTKOH »KapbIK I100-
JIaChl JKAaUbLJIBIII AYbIK KOHYCTY (YHAYH MYMHE TYIUIKOH KapbIKTHIH I100-
jJacel) mauga kewiar (11.3-cyper). Byn kybynym Tuagans ahdekTucH
ke THHAANB KOHYCY Jlen aTaJjar.

Koaryasumsa xxana nentusanms

Kosutonank spATMesIepAuH TYPYKTYYJIYTY 'paHyIaHbIH 3apsi/bl dKaHA
COJIBBATTBHIK- AN Y3UAIBIK KaTMapbl MEeHeH LIapTTaJradJbIKTaH, ajap-
ABIH 3apsAABIH a3alTyy e Kororyyra 6arpITTanrald 6apAblKk TaacupJiep
KOJIJIONJIIUK 3PUTMEHHUH TYPYKTYVJIYIYVH azaurar. Hareiiokaga KoJsno-
HJIIAK DOJIYKUYOJIOPAYH TYPYKTYYJIYrY 0y3yJIyn, OMpHA-OMpUHEe Ka0bIIbII,
YOH-4YOH arperatrTrap/bl Iaujla KblJlaT a 3pUTMe/leH O0JYHYII 4OreoT.

Komnouaauk 6GeJIYyK4esIepAYH e3apa OMPHUIHII, YOHOIOY IIPOIlecCH
Koaryaanus (KaHAbIH, CYTTYH VIO KaJbIIIbI) el atanar. Koaryasnus
[Iponecct KOJUIONJJANK 3pUTMe/le oTo »Kal sKypor. KayaH rara KoJjouni-
ANK OeJsiyk4yesiep OMpUrun, OejJrumiayy OMp e,14eMIe KeTKeHIe OTO Tea
4oeryy npoieccu dbamaragar. by nponecce KoJIJIOMANH ceMMeHTall A IChI
el araJjar.

Rosumonasuk cucreMaslap/iblH TYPYKTYYJIYIVH ap KaHAal bIKMa Me-
HeH a3auTyyra 00JI0T: 31eKTPOJHUT KOIIYY, BICBITYY K. 0. DJIeKTPOJHUT
ARG Y3UAIBIK KaTMapAarsl HOHAOPAY HeNTpaJallThIPHII K0T0TOT /4,
A3ET-IIOTeHIIUAJ/IbIH CaH/IbIK MaaHUCHH HOJII'O YeHHH a3alTar.

I'panysraceIHBIH 3aps/1apbl KapaMa-Kapllbl ap TYPAYY KOJLJIOMUIHK
IPHUTMEJIep/IN apaJjlallIThbIpca 1a KoaryJdAallus »KypoeT. MUcaabl, MBIIIbAK
CYJIb(MUIY MEHEeH TeMUpP P’HAPOKCHANHME KOJJIOMIIUK SPUTMeIepHH apa-
JAIITBIPCAK 63apa OMpu OMPUH KoaryJsnusijiaiiar, cebebu ayapiblH 3a-
pAAIapel KapaMa-KapIiibl.

JInodhobayK KoJLIONIIep/IMH Koaryasamusachl Kaiitasanbaran [Ipollecc
00JIPOHAYKTaH YOKMOI'® Kailpa 3pUTKMY KOIIVII, 30JI4Y aJIyy MYMKYH 3Mec.
BHpOK YOKMOHYH YCTYH/IOTY 3DHTKHUYKE OUp a3 3JIeKTPOJIUT KOIlyJca,
YOKMO 3pUII Kaupa 30Jb Haijga 00JyIly MyMKYH. MbIHZa YOKMOIOTY
0OJIYKUY0J16D 3IeKTPOTUTTHH GUD TYPAYY MOHOPYH aACOPOIIUATIAI 3aPsij-
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jaJiaT 1a, 3apaAagairad 0egyKdeaep TYPTYJIYIL, JIMCIIepCTHK YOUPOHYH Dap-
JABIK KOJOMYHO TapaJblll, 30J4Y Manja KbljiarT. DJIeKTPOJIUT KYIOY MeHeH
YOKMOHY DPHUTHII, 30JI4Y ajIyy IPOIecCH menTH3auusd ACl atajaar. [lenTn-

3aIMs KOJJIOMIJIMK dpUTMeJIepay alyyHYH AUCIEPCTHR MeTOUIOPYHYH OUpH
foJIyIl acenTelierT.

[
, Cypoonop XaHa KOHYryynop

1. [lucnepcTuk cuctemanapra aHbliktama 6eprune?

2 Konnouaavk apvTMenep MeHeH YblHbilbl 3pUTMenepann anblpMachbl KaH-
nawn?

3. [lucnepcTuk cuctemanapibif Knaccuurkaluscol.

4. CycneHausi, aMynbcus, aspos3oniop, kobyKTep, anap/blH anbiHblWbl, KACKeT-
Tepu, KONAoHynyuy.

5. [lucnepcTuk cucTemanap/blt anbiHbill LWapTTapbl XaHd biKManapbil.

6. KonnouaaepauH an yapbacbiHaarbi MaaHucu. KonnouanepAvH Monekyna-
NbIK-KMHETUKaNbIK, ONTUKanNbIK, 3NEeKTPINK KaCUeTTep!.

7. KonnouaaepavH anbiHbllwbl XaHa Oy3ynywly: nentusauns, Koarynsuus,
KoanecueHums KybynyuwTtapsbl.

8 CaMblHAObIH KUp KeTUpYY4y Kacuetu sMHere HeruaaenreH?

9. [lnanua Kybynyuly aMHere HeruanesnreH? AHbIH TypMyLuTarol MaaHucw.

10. Aaposongopay aunbin YapbacbiHaa KonaoHyyaarsl 3KONOruAnNbIK Tanantap
Kancbinap?

11. KonnouaaepanH an 4apbacbiHaarb! XaHa TypMyliTars MaaHucu. OMHe
YUYH XaKbl Toposired banaapra cyT (amynbeus) GepuwieT?

12. YaH MeHeH TyTyH, OynyT MeHeH TyMaH Aucnepcimk cucTeManapbit Kaucol
TYPYHO Kupet?

13. KobykTop kaHTun naiaa 6onot? AnapabiH TypMyLUTarbl MaaHucu. Cyc-
NeH3Vs XaHa aMyNbCUAHbI KaHTUN anbipManan anabbi3?



XII znaea

ANMUS KAHA 9KOJIOI'US]

§ 1. MuHepaaapIK Kep CeMUPTKUYTEP

OcyMIIYKTOPAYH O6CYIIIYH KOHI'® CaTyydy, TYIIYMIYYJIYTYH KOTOPY/IaTyy-
4y 7KaHa KBIPTBHILITHIH aChbUIAYYJIVIYH KAKIIBIPTYYYY XUMUSJIBIK OMpHKMe-

Jiep KaNNbICbIHAH JHcep cemupmikuymep 6osaymar. A3bIpKbl Me3IruJijie albLil
yapbachlH/ia CYIOK KOMIUIEKCTHUK Kep CEeMHUPTKHYTED KeHUPH KOJIOHYJIYY-
na. MeIaaaii sxkep ceMUpTKHYTepARH Kypambiaaa N, P, K 6amka skuHYH
asplk 3arrapsl — Ca, Mg, S »xaHa MukpoasemesTrep Mn, B, Cu, Zn, Mo,
Co 6oioT, anap nonugocdop KMcIoTachbIHBIH HeFH3WHAE aJIbIHAT. ANWBLT
4yapba ecYMIYKTOPYHYH TYLUIYMAYYJIYTYH 2KOTOPYJIaTyy YIYH OPraHHUKAJIBIK,
OPraHO-MHHEpPAJbIK, KOMIUIEKCTHK Kep CEeMUPTKUYTEPAHA KOJJ0HYY KaK-
bl HAThIM KA b6epyyae. By yuypaa ecyMayKTep YUYH KepeK 6OJITOH a3bIK
3aTTap/laH THIIIKApPbI KbIPTBIIITHIH I'YMYCY KaKIILIPThHUIAT. KOMILJIEKCTHK,
OPraHOMHHEPAJI/IBIK JKep CeMUPTKHYTepre ap KaHJal 6CYM/IYKTOPAYH YH-
PHH/IMJIEPH, YbIMKOH, CYy CaKTarsldTapAbIH TYOYH/O YOryJIraH KaJIJbIK-
Tap, canporness k.0. kuper. JKalnbIcbIHaH Kep CeMUPTKUYTEPAN Iaija-
Janyy/a anap/blH (DU3NKa-XUMHUAIBIK KaCHeTTePHH, 0JT9OMYH, aJIbIHbIIII
BIKMAacChIH OMJIYY, allap/iblH ap OMp TYpYH MakcaTTyy naijaJanyy 3apbLII.

A30T XKep ceMHPTKHYTEPH

A30T — 6CYM/IYKTOPre KepeK HeIM3r'u 3J1eMeHTTepANH GUpH. AJl KOHO-
KO »KaHa TaTaaJs 6eJIOKTOPAYH, 6CYMAYK KJeTKaJapblHAarsl IIMTOILIA3-
manapable PHK »xana JIHKaapabia Heruaru KypamMbIH TY30T. ATmoche-
Paziarel a3oT, a30T Kep CEMHUDPTKHUYTEePH, a30T KHUCJIOTACHIHBIH aMMOHMII
Ty3/lapbl a30TTYH HETrHM3TrH Oyjarel 60JIyII 9CenTeJIMHeT: CYIOK aMMHUAaK,
AMMHAK CeJINTpacsl NHdNOE, (NH4)2504, HNOE, NI—IdCl, KapbaMu
CO(NH,), »xana aMmmMuakarrap [CU(NHE)J‘]SO#KHDGT. AJtapasl naunana-
HYV/a KaCHeTTEepHH 3CKe aJlyy 3apbl.

D®ocdop xep ceMupTEHYTEPH

Docop — xaHpibapaapra KepPeKTYY HeIH3TH 3JIeMeHTTepJAnuH OupH.
Poctop xaHa Gochop KACI0TaChICHI3 OHp Aare! KaHAVY KJETKa 60JyIIry
MYMKYH aMec. KierkaHbIH spocy 6oron — HYKJIEOIPOTEeHYIMH KypaMbl
¢docthop KHcloTackIHaH Typar. Hyxieonporenyiep 6e10KTop MeHeH HYK-
JIeNH KHucjJdoTacklHbIE Oupukmecn (PHK, JTHK) 6osyn acenrteser. Hyk-
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JeWH KHCJIOTachbIHBIH KypaMbiHjaa 20% Ke KaKbIH (P,0, xapara scelnre-
rerjie) docdop Hap. Pochop KOIIYITYK OCYMAYKTYH KypaMbIHAaA bosyyuy
GUTHH, JEIUTUH, KAaHT GocdaTTaphl XK. 6. TYPYH/1© Ke3JellerT.

dochop Kep ceMUPTKUUTEepH KoOYHUO YPOH cebep/iuH acThIH/A KaHa
oCYMAYKTOp AaH 6ailjaras Me3rujjie Kouymda a3bIKTAHABIPYYYY 3aT Ka-
Tapbl KOJZAOHYJIAT, OCYMAYKTYH TYHIYMYH JXKoropyJarar. dochopy xKe-
THIITYY OCYMAYKTOPAYH JaHbI YOH, aHBIH KYPaMbIH/al'bl KAHTTBIH, Kpax-
MaJIIbIH CaHbI KOII 00JIOT.

Kasmit ep ceMUPTKHYTEPH

Kasumit OCYMAYKTYH OCYIIY YUYH Kepek OO0JITOH HEer'M3ru Y4 9JeMeHT-
THUH Oupu. OCYMIYKTYH KypaMbIH/Ia KaJui MOH TYPYHJO Ke3JelleT, KJIeT-
KaHBIH KypaMblHa KHpOeiT. BUpOK, (GOTOCHHTE3 ME3ruJINHAC ATDHBIH
namjaa 6oayiiyHa xKapjaaM fepeT, IIUTOIJIa3MaZarsl KOJJIORAAEPANH TY-
PYKTYYJIYI'VH JKoropyJjarar. Hartenixkaza oCYMAYK YOAKTBHIIYY Kyprak4bl-
IBIKTAH a3 1a 6oJico cakrajabln Kanar. Kajqun kapToumkajza — KpaxmaJil-
bIH, KAHT KbI3bLIYAChIH/A — KAHTTBIH, KAMIbLIYA KEMHUILITEPAC MOHOC2-
Xapu/iepAuH apOblH TOIITOJYIIYHA aJIbIIl KeJIeT JKaHa OCYMJIYKTYH CYVK-
ka, BICBIKKA, ap TYPAYY OakTepusijiapra YslIaMAYYJIYIVH, KJI€TKa MaHBbI-
3LIHBIH OCMOCTYK 0aCBIMBIH JKOropyJjaTar. Kaauiaue KapjaMbl MEHEH
OCYMIYKTOPO KOTOPKY MOJIEKYJIaadyy OUpUKMeJiep — IeJIII0JI03a, KpaX-
MaJI, TeMHIe/LTI0N03a KaHa MeKTHH 3aTTapblHBIH CHHTE3/1e/TIIII Te3-
AeiT, HaThIiKala 6CYMAYKTOPAYH COHIOry 2KOOHOIOI oexeM/IeHT. AUBLI
yapba eCyMIYKTOPYH KaJuu, KaJTBIIMI, MATHUH 7KaHa AMMOHHUU TY3/1aphl
MEHEH a3bIKTAaHIBIPYY OH TaacHpHH THiiruaer. TomypakTa KaJuM xKe-
THIICH3 6O0JICO OCYMAYKTYH TYIIYMY a3asT ’KaHa »KarbIMChI3 IMIapTTapra
TYPYKTYYJIYry OUp TOI HadapJlaur. Kaauit xeTHIICU3 OCYMAYKTOPAYH
TYIIYMYH KOIIK® CAaKTOOro 00JI00MT. Kayui sxkeTHIIIIereH oCYMAYKTOPAYH
yKaJIObIpaKTaphl 9pTe capraibln, YeTTepu Kyypall KaJjar.

Jlag ©CYMIYKTOPY I'YJIZIOroH/I0H KUHNH KaJIUAJAH 6CYMAYKTOPIo Ke-
JTUIIH TOKTOIOT. Kapmowka, Kanm Koul3blaiacst, kanycma fap/AbIK y4yp/a
KaJTHiTe MYKTaK 6osymar. AppIKda KapTOIIKa I'YJIA6roH Me3rijze, KaHT
KBI3BLIYACHI MEHEH KaIlyCeTa TYHYJIreH yuyp/a KajJuiau Kell Tajlall KbUIbl-
mar. Kanuit aifppIkdya @CYMAYKTOPAYH KaJIObIpaKTapblH/a TONTOIOT.

KoMILJICKCTHK KaHa OPraHMKaJIbIK Kep CeMUPTKHYTEP

JKHE 7Ke aH/JaH KOII a3blK 3aTTapblHAH KaHAa MUKPO3JIEMEHTTEPACH
TypraH ’kep CeMHPTKAYTED KOMILJIEKCTHK Kep CeMUPTKUUTED JleIl aTa-
siaT. KoMILJIeKCTHK »Kep CeMUPTKHA4YTepre dhochop-KaIUNIHK, aszoT-hoc-
dhopaAyK, a30T-KaJIHHINK KaHA azoT-(ocdop-KaTUMINK Ty3/1ap KNDET.
AJIBIHYY BIKMaJlapblHa ykapama 0y skep ceMHpKUYTEp TaTaal, TaTaasl-
apasialliMa, apajall, KaTyy KaHa CyIoK posiy OOJIYHOT.
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TaTaajl KOMIUIEKCTHK Xep CeMUPTKHUYTEpPre KaJIUi CeJIUTPACKI KNO,,
ammocpoc NH,H,PO,, tnammodoc (NH,),HPO,, dochopammomaraesns
NH MgPO,, noaudocharrap kuper. ByinapiblH KypaMbl KATHOH MEHEH
aHUOHJIOH TypaT »KaHa apaJlalliMaJjlapbl a3, a3blK 3aTTapbl M0JI 60JIOT.

Taraan apajamMa KOMILIEKCTHK K€D CEMHPTKHUYTEpre — HUTPO-
¢docko CaHPO, - 2H,0+Ca(H,PO,), 2H,0+NH,NO,+NH,CI,
KCI+KNO;+CaSO0, >xana NH,H,PO,+KClayn apanammacs! kuper. MbIH-
AaM yKep CeMUPTKUYTED KapaThUIBIIITArbI (hochaTTapabl a30T KUCIOTA-
CBIHBIH Kap/ZlaMbl MeHeH MIITEeTYYI0H aJbIHAaT.

OprasuKaIbIK Kep CeMAPTKHAUTEPre KaHATTYYJIapAbIH, MAJIIBIH KbITHI,
(beKaJIMH, YBIMKOH, aybllaH ap TYPAYY TallTaHJbLIap, callpolleis, YU -
THPHYMIUTIHHACTH, KOMMYHAJAbIK Yapbajap/arsl kaHa oHop Kaiapa-
I'bl HIITETHITeH TallTaHAbLUIAp KUpeT. Ajlap/iblH KYPaMbIH/IA OCYMIYKTOPIo
KepeKTYY 60JroH 6apAbIKk Makpo- KaHa MHKpoaIeMeHTTep 60o0T. Opra-
HUKaJBIK Xep CEMUPTKHUYTEDPANH 6CYMAYKTOPre »KaHa KbIPTHIIIIKA THI-
PM3TeH TaaCHupH YOH KaHa aublI Yyapba 6CYMAYKTOPYHYH TYIIYMYH KOI'0-
pyjaryyra >xapjiam beper. MunepaibIk sKep CEMUPTKHYTEDP MEeHEeH YOryy
nanjlaJlaHras/la OpraHUKAaJIbIK Kep CeMUPTKHUYTEePANH aHEeKTUBAYYIYTY
Oup KbIisIa sKoropyaiT. Cebebu opraHrKaibIK sKep CeMUPTKAYTEpAerd
OCYMAYKTOPI'® a3bIK 00JIyy4y KOIIUYJIYK 3J1eMeHTTep MUHepajlap/blH sKap-
AaMbl MEHEH Te3 CHHUPHJINII ajIbIHAT.

MukKpo- xep ceMHpPTKUYTEP

OcyMaYKTOPAYH HOpMAaIAYy OCYIY YYYH HEIM3TH Y4 2J1eMeHTTeH N,
P, K nan 6amka ere a3 carzars! (0,001% >xakbin) MHKpPOJJIEeMEeHTTep
anpbIK4a KepeK. AJlapAblH KeTHUIICU3IUTHHEeH OCYMJIYKTOD ap TYPAYY oopyra
HaJABIIBIIL, aH/IAH aphl OCYYCYH TOKTOTYII, Kyypan KajaT. MUKpo3JIeMeHT-
TEP/INH TaaCHPH aCTbIH/IA OCYMAYKTODPAYH TYLIYMAYYJIYTY XKOTOPYJIAMT, ajgap
OPTaHU3MHUH/IETH YIJIeBOAAVK, a30TTYK ajJMalllyyJjapra, OKUCTeHYY-KasIbl-
ObIHA KeJlyy mpollecCTepHHe aKTUB/AYY KATBIIIIAT. MUK poaJIeMEeHTTep 0CyM-
AYKTOPJAYH ap TYPAYY OOpyJiapra sKaHa ChIPTKbI YOHPere YbllaMAYYIYIYH
ZKOrOpyJIaTaT, KallbLI JKaJIObIPDAKTarbl XJI0pOHIJIIMHE YJIYIIYH KOOoiTerT,
(POTOCHHTEe3 KYOYIYIIYH KaKIIBIPTAT 7KaHA KaJIIIb] 3JIe OCYMIYKTYH OCYY
[IPOIeCCUH/IEIM aCCUMUJIATIIUSHEI Te3/leTeT.

MukpoajieMeHTTep HYKJIEMH KUCIOTaIaphl MeHeH ap TYpAYY KOMII-
JIEKCTepAH Naijia KbLIbII, pUOOCOMaHbIH (DH3UKAIIBIK KacHeTTepuHe, CTPYK-
TYPachIHA YKaHA (DU3MOJIOTUSAIIBIK (DYHKIUASACEIHA 03 TaaCUPUH TUUTHU3UII,
OCYMAYKTOPAYH KJIETKaJapbl aDKBLIVY a3bIKTAHYYCYH KAKIILIPTAT. MHUK-
PO- 3JICMEHTTED KeTHUIINereH KbIPTRIIITapTra THEIeaYy Kep CeMUPTKUY-
TepAu Ha4dyyJAaH OCYMAYKTYH Tymrymayyayry 10—15% ke geitnH Ko0o0ii-
POHJYTY Gearmiyy. Bupok, MHKpO skep ceMUpTKHuTepAu MaiifagaHyyIa
alJlaHa-4eMPOHY 00p METaLIlap MeHeH OyJIrabooHy 3cKe ajIblll, ajlapAblH
KBIPTBIIITA KOII 00JIYII KeTHIIHHE 0.1 bepboo Kepek.
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MukKpo- sKep ceMUpTKUYTepre bop, Ke3, Maprasei, MoJInbleH, IINHK,
% 06AIBLT 2JIeMeHTTepH Oap OMpHUKMeJIep KUPET.

§ 2. AlinaHa-40MpoOHY KOProOHYH HErnsru npodaemMajapbl

Anam 6arachl jKalaral, 9MreKTeHIreH KaHa 9C aJiraH »XapaTbLiIbIIII-
Tarsl )Kep, cyy, aba, TooTeKkTepH, 6CYMAYKTOD, sKaHbIOapJap 2KaHa ajlaM-
nap/AblH KOJIYHAH KacaJiral 00 beKTHIIeP/IN alJIaHa-4eupeo /el TYLIYHOOY3.
Altsraga-4eiipe ajaM bajlachbIHBIH KYHYMIYK »KAllIoOCyHa »KaHa 9MTIeKTeHH!-
MWHe TY3/]0H-TY3 TAaCUPUH TUUTHU3ET. NiauMuii-TeX HUKaJdbIK PeBOJIFOIHAA-
HBIH HaTbII>KachlHAa ajiaM Oajachbl MeHEH ajiraHa-4oUpoHYH 0auIaHbIIIb]
sxaHa YKAJIIIBI 9JIe YKapaThLIBIIITEI KOProo Macejec KypH MYHO3/10ery, akK-
TyaJyy MaceJieJepAuH OupH 6oy Kasiaabl. OMIOHAYKTaH, KaHAYY opra-
HU3M/IMH 63apa »aHa ajJapAblH aitylaHa-4eiipe MeHeH OalIaHBIIIBIH OKY-
TYyy4y 9K0102us UIUMUHE OYTYHKY KYH/I0 HOH MaaHHu ODepuiyyzae.

AiilaHa-40MpPOHYH OpraHU3Mre THUTM3TeH TaacHpH »KaJilbICbIHAH
SKOJIOTHSIIBIK (haKTOPJIOp flell aTajaT. JKOJOTUsIBIK (hakTOpJIOP HETrH-
3MHeH A0MOTHMKAIBIK, OMOTHKAJBIK »KaHa AHTPOIOTEHAHMK TOIITOPIO
6eyHOT. AODMOTHKAJBIK (haKTOPJIOPTo KJINMATTHIK, dlaMKaJIbIK, TO-
rmorpausiabIK, THAPOMOU3UKAIBIK KaHA IUAPOXUMHUSIIBIK TaacHpJiep KH-
per. KiInMaTThIK (PaKTOPJAOPAYH HYNHEH TeMIlepaTypaHblH, dKapbIKThIH
sKaHA HBIMAVVJIVKTYH 9KOJOIHAJIBIK MaaHHCH OTO sKoropy. AJ aMu ba-
CBIMIBIH, IIIaMaJI/IbIH TUPYY OPraHu3MrIe THITH3CeH TaaCupy MIMMHUM TYP/O
a3 U3UJIJIeHI'eH.

daaduraabIk (haKTOPJIOP Aell KbIPTHIIITHIH (PU3UKAJIBIK, XMMUAIIBIK,
MeXaHHKaJIbIK KacueTTeprHe OaiJaHBIIITYY sxaHbIOapapra TUMIU3IreH
TaaCUPHUH TYLIYHOOY3.

I'uApo(U3UKAIBIK KaHa I'H/IPOXUMUAJIBIK dhaxTOpsoOp Aen CYYHYH
(HUBUKAJIBIK KaHa XUMUAJIBIK KaCHETTEPHHE DalJIaHBILIITYY THPYY Opra-
HU3MJlepre THUru3reH TaaCHpHUH auTabbI3.

BuoTukaJdslk (hakTopJsop Jel KaHAVY ’KApaThUIBIIITHIH ZKaHA
OCYMIYKTOP/JAYH OupH OMpUHE THHTHA3reH TAaCHPUH TYIIYHOO0Y3. Ap OHMp
OpPTraHU3M TY3/I0H-TY3 7K€ KBIHbID TYP/O® falKa opraHu3M/Iep/iuH TaacupH-
He ayyiap 6onor. Mucaubl, 6CYMAYK ZK€P KBIPTHIIIBIHAH ap KaH/Aad a3blK
zaTTap MEeHeH KaMchbI3 00JIOT. Jrep/ie KbIPTHIIIKA KOOYPOOK 0TIOM/I6 a30T
yKep CeMHPTKHUTepHH Nan/lajlaHCcaK, aH/a HUTPATTHIK a30T OCYMAYKTOPAYH
yKeMHIITepH apKbUIyy aJaM/IbIH OpraHi3sMuH yyJIaHAbIpAT 7KaHa K33 0up
yuypJiapja eJymre Ayyuiap Kbuiar.

AnTponoreHauK (hakTopJaop A€l alaM fastachbIHBIH KapaThUIbIIIKA
skaHa afiylaHa-4eMpere TUUru3res TaaCUpHUH anTadbp13. Anamjaap 63YHYH
sxalraraH ueipecyHe, abara, cyyra, skep KbIPTHIIIBIHA 7. 0. 63 TaaCHUPHH
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9KH JKAaKTYy THHIU3eT. BUp >KarelHaH OHOJIOTHSAJIBIK 00BeKT KaTapbl all
alJIaHA-9YOMPOHYH (DU3UKAJBIK (PaKTOPIOPYHA, TAMAaKTaHyy, AeMajlyy, 3aT
aJIMallyy apKblLIYVy KO3KapaH/bl. JKMHYH JKarblHAH aJlaM/ap O3YHYH »Ka-
100 IMIAPTBIH KapPaThLIBIII DAMJIBIKTAPBIH KOJAOHYY MEHEH KaKIIbIp-
ThII asaT. OmeHTHII, alaM KOOMY MEHEH »KapaThLIBIIITHIH OPTOCYHIATbI
THII'bI3 ODAMJIaHBIIITHIH 9Ce0MHeH, KeH 0alJIbIKTaphl Kapa MINTeIHII, Ha-
ThIHKa/la allJlaHa-4eipere ap TYpAYY TallTaHALLIAP YbIrapbliaT. MBIH-
flail OHAYPYII MeHeH aiylaHa-4eipesery 3aT aJMallyyjap aHmponozeH-
dux memaboau3m e CONUANLIK 3aT aJIMAaIIyy Jell aTajar.

A3BIDKBI Me3ruJj/le ailjlaHa-4YeHpPeHY 2KaHa »KapaThblUIBIIITE KOPIoo-
HYH TOPT Heru3ru npodjieMachlH: aifJlaHAa-YOMPOHY ap TYPAYY OVIraHbry-
TaH CAaKT00, KAJKThI Ta3a TaMaK-alll MeHeH »KabaAyy, eHepKaiJibl MUHe-
PaJIABIK CHIPb€ MEHeH KaMChI3 KbLIYY, 9HEePreTHKJBIK MaceJleJepan Yeqyy
ajziaMm bajiacbIHBIH TY3/I0H-TY3 MHJIJIETH.

JHanpibapiapablH OpraHU3MHUH/IE KaHa allIaHA-YeHpPeIe CaKTabIIl
KaJqyy4y paHOaKTHB/YY 3JIeMEeHTTepAHH, CbIMall, KOProlluyH, VYJIVY XHU-
MHAKaTTapAblH, CHHTEe3/INK KHP KeTHPYY4YY 3aTTap/bIH ajaM OasrachblHa »KaHa
’KaHbIOapJlapra THMIU3reH TeCKepH TaaCHUPH 6Te KOPKYHYUTYY. AUTHLI-
ragjiapra KomyMm4a eHep:;KauJlaH, o3y »KYpYYydY MallHHajJapaaH OeJYHYI
9YbIKKaH rasjlap/ibIH TaaCHpHHeH abazarbl KbIYKbUITEKTHH a3aibIIIbIH KaHAa
TOKOHJIODAYH YeHeMH KOK KbIHBbLIYYCYHaH, KalbICTAaH YBIKKAH OPTTYH
K. 0. KBIPCBIKTap/IbIH KeCelleTHHEH KBIYKBUITeKTHH TOJIYKTaN0ail »ar-
KaHBIH 9CKEPTHI KeTceK, alJlaHAa-4eHpeHY JKaHa »KapaTbLIBIIITHI KOp-
FOOHYH KaHJaW COIHAJ/bIK, 9KOHOMHKAJIBIK MaaHHUCH 30D 9KeHIUIHH
TYIODYHO0Y3.

AlJlaHa-46MPeHY JKaHa KapaThUILIIITEI KOPrOOHYH NpodieMaapblH
YEeYYYHYH 9KHM bIKMacel 6ap. bupuauncH, eHepkaiilad, alblL1 yapbachl-
HaH OOJYHYII YbIKKaH 3bIAHAYY 3aTTapibl Ta3ajgo0, ajJ Y9YH OHAYPYIITe
aTalbLIall JKacajraH TasaJloouy KypyJyIITap/bl, OUIHK YbIIKAIYY MOp-
JIOPAY Kacoo Kepek. JKMHYUCH, TAlITAH/bICHI3 Ke TAalllTaHAbIChI a3 TeX-
HOJIOTHSAHBI TaklajlaHyy. AJl YUYYH CHIPbEHY OMp 6HAYPYILITOH UILITETKeH-
leH KHUHMH, 9KMHYY OH/1YPYIIl KepeKTereH el KbLIbII MaiilajlaHyy Kepek.
IMH ajlaM GaIachIHBIH KalIOOCYH Kypuall TYprag aTMoc(hepaHbl, xKapa-
TBUIBIIITATBI CYYJIap/Abl KaHa Kep KbIPTHIIIbIH KOPrOOHYH alpPbIM bIKMa-
JIapbIHA TOKTOJIYII ©TOJIY.

AtrvochepaHbIH KypaMbl skaHa aHBI OYJIT004y YYJIVY 3aTTap

ATMochepa KBIYKBLUITEK, KOMYPTEK, a3oT, CYY 7K.0. 3JIeMeHTTepANH
’KapaTbUIBIIITA aWJIAHBIIIBIH KOHIO cajbll TypaT. ATMochepachla »xep
OeTHH/Ie 34 KaHJAaM 7Kanroo 60100iT. AnaM 6asachl TaMAaKChI3 Oup Heye
’KyMma, cyycys OUp Hede KYH, abDachi3 OMp-3KM MHHYTaA, aJ 9MHu atMocde-
PaceI3 OMp cexkyH/Ia Kamau aabair. OmoHAyKTaH aTMochepa arbl He-
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IA3TH rasjapAblH 6aJaHCHIH CAKTall TYPYY KEPEK. Jlemanyyaa atMmocde-
pajiarsl K63re KOpYHOOreH, 6HCY3, HKBITChIS, yyJyy raszziap/pl ieM ajyyaa
60516 anbaibbI3, OMOHAYKTAaH OM3AX KypYall Typrasn aTMochepaHbl Ta3a
KapMoo OYTKYJI 9JIAMK HIIL.

ATmochepanarsl adbaHbl OyJAroovy OyjakTapra Heru3uHeH OHOpIKaH,
AaBTOMOOMJIB . 0. TPAHCIIOPTY KHUPET. "Keusiga armocgepara 200 MiIH T
ampik CO,, 1501 MuH T SO,, 50 maE T ap TYPAYY yIJIeBOJOPOA0D,
9250 MJIH T aIlIbIK a3po30JIi0p YUYl Yblrat. MbIHIaH THIIIKaphl arMocde-
para »kapaTaJbIIIThIH 63YHYH TaGUTBIH AMJIAHBIIIITAPbIHBIH HaThIHKACHIH/A
gopromyH — 8700, MBIIIBAK — 125, ypar — 60, kaaMui — 40, 6epHILJINH
meHeH nupkoHui — 10, xanan + pagHaAU 4 ace KoIl OOJYHYI YbIIyy/a.

7KapaThLabIlI cyyJIaphl JKaHa ajlapiabiH OyJIraHBINIbI

BU3ay KbUI caliblH KaHBLIAHBII TYPYYHY CYYHYH 3arachl KbI3bIKThI-
paT, ajJ 00J7K0JI MeHeH aJiran/ia oKeaHapra >XblJI CAaMbIH arblll TYIIYYHY
arplH CyyJjap/blH KOJOMYHO papabap — 45000 kx’. MpIaai cyyjaap xKaM-
IBIPABIH, Kap/blH, MOHI'YJIOPAYH sceGUHEeH TOJYKTaJbIIl TypaT. BUpOK
omnroro Kapabacras MbIHJai HYYYTO, TYpPMVYII-TUPUYMINKKE KePeKTYY DoJI-
POH CYVJIap/blH 3aI1achl oHOpIKal/(bIH, albLI 4apOachIHbIH OCYIIY MeHeH
KBLJIJIaH JKbLITa a3aioy/ia, 2Kep MapblH/a HKbLI caifbIH KaHbLIAHBINI TYPYY-
Yy CYYHYH 3aIlachl bupaeit 06JIYHI'OH dMecC. OmoHAVKTAH KapaTbUIBIIITA-
bl CYyJIap/bl pAIMOHAJIAYY, KOMIIEKCTYY bIKMA MeHeH KOJIJIOHYY KaHa
aHBI ap TYPAYY OyJAraHbI4 3aTTap/laH Tasa CAKTOO MJIMMHUM-TEXHHUKAJBIK
Heruard Macejesep/anH OUPHU.

Hupniyydy kaHa KYHYMJIYK TypMyHiTa mainaJaHbpLIyydy cyyiaap/bl
fyJsiroo4y Heruaru OyjaakTap/AblH 6upy oHeprKaijap MeHeH KOMMyHaJI-
nhIK yapbasapja naujajlasblIraH, aliplJI YapbachIH/la KOJIJOHYJITAH, KeH
OalIBIKTap/Abl, KbIMauThl AIITETYY/1O0H HOJIYHYH YbIKKaH, TeMUPZKOJI JKaHa
CYY TPAHCIIOPTTOPYH, MUHEPAJI/ABIK KEP CeMHUPTKHUYTH, IecTUIIHA/IepANH
KaJIIBIKTAaPbIH arbI3bIN KeJIreH cyyJiap 3CenTeInHeT.

CyyHy OyJIrasbId 3aTTap/lad Ta3alo0OHYH BIKMAachI 6T 2J1e Ker. byir-
ragpld CyyJjapAbl aTailblH CAaKTOO YIYPYH/A KYH HYPYHYH TaacHpH acThIH-
Jla ©3YHOH-03Y TasaJIaHbIIl KaJaT. Mucansl, 24 caaTThIH HIHH/IE CYYAarbl
50% ke KAKbIH DaKTepusjap TadaJjaHaT, aj 5MH 06 caatra — 95%.
drepie cyy ©Te OyJITraHbll Kajca, an/ia cyy ©3YHOH-03Y TasdaJIaHbIIl KaJl-
GaiiT. JKapaThUIBIIITATBI HYMIYYYY CYYHY Tasa CakToo y4yH OHOpKaH-
1aH, KOMMYHaJIABIK yapbasap/iaHd YbIKKaH cyviapAbl aTaublH KacajiraH
KOJIMOJI6pr'e TOIITOII, TasaJaHran/al KHANWH raga arbIH cyyJjiapra kouryyra
ypykcar 6epuier. OnIoHA0H foJsico na, a3bIpKbl Me3THJI/Ie nanjajgaHbLI-
rag cyyJjapAbsl Tadajgoo YUYH MEeXaHUKAJBIK, XAMHUSIIBIK KaHa 6uoIorusi-
JIBIK BIKMaJIap KeHUpH KOJJOHY IyyAa.
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KpIpTeImTsl OyJIraHeid 3aTrap/Jad CaKToo

Ken GaiibIKTapAbl Ka3blll ajyy MeHeH ajaM 0ajiacel Kep KbIPThI-
mIeIH 6y3y1, abaHbl, cyyHY 6ysrooso. OMIOHAYKTaH KeH 0aiIbIKTap /bl
Ka3bIll ajJyy/ia 3KOJOIHAJIBIK IJIAHAYY HUITEPAN KOIIOo JKYPIry3Yy 3apbLIl.
MucaJibl, Ka3bLIBII aJBIHTAH JKepJjepAu KaupajaH TOJATYpPYY, 3bIAHAVY
razzapibl ChIpTKa YbIrapboovy 4bllKajaap/bl Iau/ ajlaHblll, TAlITaH/(bl-
ChI3, IIMKJIAYY TEXHOJIOTHSHBI TY3YY MIITEPU KeHUPH KYPry3YaYyre THUM-
HII. DKOJJOrHSUIBIK TajlalKa bLIaWBIK TapbIXbIM MaaHUCH bap »KepJiiep,
KeHOaMJIBIKTap, MAHEPAJABIK CcyyJjap, Kep ajJJbIHAarsl KOMMYHHKAa-
nusJiap, MH)XKEHepAMK KypyJayluTap, pagHoOaKTHUBJYY TallTaHAbLIAD
KOMYJITOH »KepJiep MaMJEeKeTTHK KOProoro ajblHbIIIbI KepeK. KNINHKH
Me3rmiijie MUHHepaJIIbIK pecypcTapAbl YHOMAYY namjiajasyy Y4YH KYH/JAYH,
IMIaMaJiibIH, CYYHYH, CYYTEeKTHH dHeprusaaapbl KeHUpH NaiJaJladbpllyy-
na, MeTaJLIAapAsbl 2K.0. KypyJyIl MaTepHalapblH aJIMalIThIPYYIy Ka-
cajIMa IIacTMaccajJapAbl, OyaalapAbl 6HAYPYY MIIH KaKIIbl K0OJII'0 KOIO-
Jyyaa.

KenOalIbIKTapAbl, »KaJIIIbI 9JIe Kep KbIPThINIbIHAATIbl OCYMAYKTOPY
JKaHA jKaHbIOApJapAbl KOProo OYTKYJ MaMJyeKeTTUK HIl. KBIpTHIIITHI
palMoHAJAYY TYP/Ae aijalaHyy, aHbl KOproo, aijoo, cyrapyy, Kypra-
TYY ’KaHa ’Kep CeMUPTKHYTepAX Yadyyy HUITepH IIaHAYY KYPTY3YIYHLy
Kepek. By3yJiraH KbIPTHIIITAp/bl Te3 apaHblH MYNH/IE KaJIbIObIHA KeJITH-
PHII, aHBIH XUMHAJIBIK ap TYPAYY VVJIVY 3aTTap MeHeH OyJIraHbIIIbIHA,
Kypramn KeTHII IIopJayy, TY3AYY KBIPTHIIIKA, Ke 60100co albIK4ya HbIM-
VY KeJIHII, ca3/lak sKepre allJIaHBII KeTHIIIHHE K0JI 6epboo Kepek.

A apaThLIbIIITEI KOProo »KaHa KapaThLIbIII pecypcTapblH paIlHoOHaI-
AVY TYpAe maipanganyy OyTKyJ AyHHO MaMJeKeTTepUHUH HIIIH. MbpIH1a K
MaMJIEKeTTHK e3apa KeJIMIIuMep/e ap Oup eJIKOHYH YKYTIY, CYBepeHHTEeTH
CAKTAJIBII, KAaObLI aJIbIHMaH MUJIJETTepAn ap OUp K0 aODMHHUPJIYYIIYK Me-
HeH TaK aTKapblllIbl KepeK 9KeHJAUIHH 6aca KopcoTKOH. K bIHBIHTBIKTATL
alTKaH/a alylaHa-YeMPOHY KOProo OYTKYJI 3JIJINK MHUJIZET.

9

« Cypoonop xaHa KoHyryynop

1. MuHepanabik, OpraHuKanblK Xep ceMUpTKudTep, anapabliH Typropy Xaxa
KONAoHynywy?

2. A30T, Kanui, (ocdop Xep CeMUPTKUYTEPU XaHa anapabiH anbin Yapba-
CbiHAarbl MaaHucu.

3. AMMMaK cenuTpachl, MOYEBUHA KaHAal WwapTTa XaHa kaHaan ydypaa Kos-
poHynart?

4. dochop Kep ceMupTKMuTepuHe Kancoinap kupet? Kavaan oHAypyL Kan-
AbIKTapbl hocdop XKep CeMUPTKUUTEPU KaTapbl nanganaHbinar?
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5. Kaicbl OHAYPYL! KanablKTapbl Kanui Xep CeMUpTKUYW Katapbl KONAo-
Hynart?

6. KOMNNEeKCTUK Xep CeMUpTKM4Tepan nanaanaHyy/ar! 3KoONorusnblK Tanan-
Tap. Mukpo- xep ceMupTkuiTep, anapAbiH MaaHncuH antbin 6eprune?

7. OpraHukansikK XXep ceMUpTKuuTep MUHepanabik XaHa MUKpo- Xep cemnprt-
Ku4Tepav anmMawTbipa anabbl?

8. AinaHa YoMpoHy KOProoHyH Heruaru npobnemanaps..

9. XuMuUsiNblK 3aTTapAbl NanganaHyynarbl 3KONOrMAMbIK LWapTrap Kan-
cbinap?

10. ATMocdepaHbl, KbIpTbIWTbl, rapocdepaHbl 3KOMOrUANbIK KOProoHyH 3il-
apanblk MaaHUcHe TOKTONyn oTKyne?



THPKEMEJIEP
I-mupkeme

Kucaoraanapasid, meaouropayn 18 Caun
KOHI[EHTPAIMAJaPbl JKAHA ThITbI3AbIKTAPBHI

KoHleHTpalUsAChl H,SO, HNO; HCI NaOH KOH
% MEHEH

4 1,027 1,022 1,019 1.046 1,033
3 1,055 1,044 1,039 1,092 1,065
12 1,083 1,068 1,059 il 1237 1,100
16 1R112 1,093 1,079 1,181 1217
20 1,143 1,119 1,100 1,225 1,176
24 1,174 1,145 1,121 1,228 1,217
26 1,205 1,171 1,142 1,310 1,263
32 1,238 1,198 1,630 1,352 1,310
36 15273 1,225 1,830 1,395 1,358
40 1,307 1,251 1,437 1,411
44 1,342 2707 1,478 1,460
48 1,380 1,303 1,519 15515
52 1,419 1,328 1,560 1,564
56 1,460 1,351 1,601 1,616
60 1,503 13373 1,643
64 1,547 1,394
68 1,594 1,412
72 1,640 1,429
76 1,687 1,445
80 1,732 1,460
84 1,776 1,474
88 1,808 1,486
92 1,830 1,496
96 1,840 1,504
100 1,838 15522




2-mupkeme

DK TPOJUTTEPINH INCCOIMAIMA Tapakachl 180°C)

DIEKTPOJIMTTED JlcconManus aapaxachol %o MEHEH
ATaJblILbI J dopmyJiacel | HopuT™ME 0,1 HopuT™mE

A30T KHCJI0TaChl HNO; 82 92

Ty3 KKCJIOTACHI HCl 78 91

bpomayy cyyTeK HBr - 90

HMonnyy cyyTek HI — 90

KYKYPT KHCJIOTACHL. H,SO, 51 58

[1laBen kucaoTacsl H,C,0, — 32

Ddocdop KMCI0TACH H:PO, - 26

KYKYPTYY KMC/IOTACHI H,SO; - 20

DTopayy CyyTeK HF — 15

YKCYyC KHCJIOTACHI CH;COOH | 0.4 1,3

Kemyp KHC/10TaChI H,CO; — 0,17

KYKYPTYY CYyTeK H>S —~ 0,07

Kanui ruipooKCH/IN KOH 77 89

Hatpuii oxcuau NaOH 73 84

AMMOHHHN OKCHJ/IH NH,OH 0.4 1.3

3-mupkeme

Kucsorasapasid, Heru3Iep/IuH KaHa Ty3/1ap/AblH Cyy/1arsl

IPUTHYTHUTH
AFioRI00 !"\ﬁ'IHDH.'IDI? |

o I INa INH: |Ba® [ca [Mg2* |AP® |Fe' | zo** | Ag® |Pb™ |Cu”
OH el Bl B [5 i lg v g |uv |x |H H
Gl 312|232 349 13 | 9 |93 H [HD |2
Br 3|2 |3 |2 3 195 12 12 "33 H |HD |2
I ¢ 3 e T (e T e R e T (- TR e s b, (M H |H K
S5 212|973 ) L IDasD - |- H H |H H
SO 3|2 13 1|3 H |[H |[H [|X |X |H H |[H | X
SO, 3121913 H |[HD [ 3 |9 J HY |H c)
PO, 31212 |23 H |[H |[H |[H |[H |H H |H H
CO;™ 2121|313 H |IH |H |X |X |H H |H |X
Si0;™ HlsI|2I|lx |H|H |[H |[H |[H |H |X |H H
NO; 212|313 3 13 19 P 1D |19 c I i I
CH:coO™ |2 |2 |2 |23 3 12 | DI |3 e € £,

236



[IAUTAJAHBIJITAH AJTABUSITTAP

1. Kysneuose B. H. Obmasa xumusa. Teupenuuu m passurusa. — M.: Bblc-
mras mekoJia, 1989.

2. Axmemos II. C. Obmasa m HeopraHmdyeckas xuMusa. — M.: Beicimas mxko-
na, 1988.

3. Ilempoe M. M., Mukxkunes JI. A, nyyumun 0. H. Heopraunuyeckas
xumuda. —JI.: Xumusa, 1981.

4. Ozanecan 9. T. Heopraumueckass xumusi. — M.: Bricmmas mkoJia, 1984.

9. Pydsumuc I'. E., Peavoman @. I'' Xumus. 11 knacc. — M.: «IIpocgele-
Hue», 1992.

6. 3ybosux H. A. Heoprauuueckas xumusa. — M.: Bricmas mxkosna, 1989.

7. Pemcden 3. H. Hauana coBpemenHoM xumuu! IlepeBos ¢ aHrIMMUCKOro. —

JI.: Xumua, 1979.

8. Caeubo V., Ilepconc T. Obmas xumusa. IlepeBosg ¢ anriuiickoro.— M.:
Mup, 1979.

9. XuMusa. OHIUKJIONEAUSJIBIK OKYY KypaJjbl, bamkbsl pefpakropy V. A.
Acanoe — B.: 2004.

10. Kydaubepzernoe T. T. Xumus 000HYa JleKIIMAJIap KblifHarel, — @.: 1991,

11. Toavdgpap6 . JI., Xodanos IO. B., Jlodonos K. b. Xumusa 0OorwHYa
MaceJleJjlep sxaHa KOHYryyJiop :kbiHarsl. 8—10-kynacec. — P.: Mekrern, 1985.

12. Cemenenrxo K. H. Xumus. Kypc aisa cpejiHe# IIKOJIbI, TIEPEeBOJI C aHIJI.—
M.: Mup, 1971.

13. Kydaubepzenos T. T., Pvicmendeee K. P., Acanoe V. A. annpl xumus
’KaHa dJIeMeHTTepAMH XHUMHsAcCHL. — B.:1994.

14. Kysnenosa H.E. Meronuka npenosiaBanus xumuu.— M: «IIpocsere-
Hue», 1984.

15. Bepxosckuu B. H., Cmuphnos A. /J]. TexHuKa XUMHUYECKOI'O 9KCIIepUMeH-
ta. — M.: «IIpocBemenue», . 1. 1973.

237



MASMYHY

OKYYUYNIAPADBIH SCUHE ......cccoovieiniansonessresansssnssssnsssssonmsssnseasessusssessansenes 3
-napa 10-KNACCTA ©TYNIreH OPIrAHUKATIBIK XUMWA
50OHYA BUNTUMAEPAN XAITTBHT00
§ |. XvuMuanbIK Ty3ynylw TeOpUACbIHbIH HErn3r WOOONOPY -« uvvvensserssissnsranvass 5
§ 2. OpraHukanblk 3atrapAbliH roMOJIOrMACHI XaHa N3OMEPUSACHI .....coceevennn 8
§ 3. Opranvkanblk 3atTapfarb! XuMUAIbIK bavinaHblluTapAblH
TYPNOPY KaHa PYHKUMOHAMABIK TOMTOP ..oooviiriisimsinsssesensesisssssiensnees 10
rnaga. 8—-9-KJIACCTA ©TYJII6H XW MUAHBIH HETW3I W
§ 1. XUMUANbBIK HETU3TN TYLUYHYKTOP XaHA TEPMUHACD ...oooocoeicicinsierimacnenes 16
§ 2. OpraHukanblk amec 6upukmMenepanH Hernarm KNacerapbl .........c.c... 25
§ 3. Hernarvt XMMUANbBIK 3AKOHAOP .....vmumimmunsssssnsnsesnsisisiss s 31
I rnasa. YXANNbl XUMUAHBbIH TEOPUANBIK HEMTM3AEPW
§ 1. ATOM-MONEKYNMAMBIK OKYY ...oucoeiiuimisnsssinsssssisissss s s s st 34
§ 2. ATOM Ty3yNyLyH TYWYHAYPYYHY @nradkbl TEOPUANAP .........coooeeereess 36
§ 3. KBaHT T€OpUSCbIHbIH HErnaru wobonopy. KBaHTTbIK CaHAAP ............... 39
§ 4. Atomayk opbutangapAbiH TONTYpynyLw UpeTu. MpuHUMNTEpP XaHa
BDEIKESIED :rvvecveerenerersassmnasmnassssssnsssnsasssssnsasssansesasssssssusuonsssnnseatagsenssesmsssess 42
§ 5. 1. . MeHpeneeBanH Me3runauk 3aKoHy KaHa
SNEeMEHTTEPAUH MEITUMAMUK CUCTEMACDI .....ooiiiriniriiiiiiiinaniesensens s 44
§ 6. Xvmusnblk 6ainaHbil XaHa monekynanapAbiH TY3YIIYLWY ..o 56
§ 7. Atomayk opbutangapabiH TUBPUOACLUYYCY «oooivvrreinreireeiniiiiiassensaeens 64
V/ rnasa. XMUSANbIK MPOLUECCTEPOVMH HEM3MA
§ 1. XUMUANbIK peakuusiHbiH binAamabirbl XOHYHAO TYLUYHYK ..o 70
§ 2. blnaamabiKTbiH KOHUEHTpauusara Ko3kapaHAabIIbIMbl .....ooeeireneeess 71
§ 3. blnaamMabIKTbiH TeMnepaTypara xaHa katanu3aropro
Ko3kapaHabiNbIrbl. BaHT-logd 3aKOHY ........ B T 12
§ 4. XMUANbIK TEHOELWTHK XaHa aHbl XblbILUTLIPYY (IAPTTAPD s vvvsavsases 75
§ 5. OpuTMenep XaHa anapAblH KOHUEHTPAUMANAPDI ...ooovvemermnnnnininnnaneees 78
§ 6. DNEKTPONUT IMEC XaHa NEeKTPONUTTEPANH KACUETTEPM ...oooovcveeerens 84
§ 7. CyyHyH avccoumaumscbl. CyyTeKTUK KOpCoTKyH XaHa Ty3aapabiH
7 Ja{olo1al” 17 O T e oA S W UL 03, o5 89
/ rnaga. XUMUSANBLIK PEAKLIMANAPAbLIH KITACCUGUKALMACH
§ 1. XUMUANBIK PeaKUMANAPABIH TYPIIOPY ...oocivririiiimmssmssissssissssaenee 98
§ 2. XUMNANbIK PEAKUMAHBIH TUMTEPM ouiiniiincnnimeissossa s 103
§ 3. AnnoTponuaAnbIK annaHbiuTap, M3omMeprneLlyy, nonumMmepneLwyy
DEAKLISITIAPDI ....vceiovcnercnrsnsesensesensansssssenssssasssasassansasuesuanssnsasassnsssssssens. 108
_ Ba ANPbLIV AT TAI 1D HIIYPY ) AJlE OILLUD
§ 1. KYyKYPT KMCNOTACHIH OHAYPYY. -.ocuecrmmarumssnsssmsssusicismmasa s ssensssssnsncess 116
§ 2. AMMMAKTbI XaHa a30T KUCNOTACHIH OHAYPYY -.cocoommmamcimmnninsinneneees. 121
§ 3. YOKH OHAYPYY --occvenmnuenennssenuanussnsurmssnsnsansssssasnsnssasnennsns 7 W Wy T 126

§ 4. bonoT eHAYPYY



§ 5. XuMusi oHAYPYLLUYHYH UITUMUA HETUSACPM ..ot 135
§ 6. KblprbiacTaHaarbl XMMUa eHAYpyLlY, aHblH Heruaru npobnemanaps! 137

VII rmasa. XUIMWUA XAHA SJIEKTP TOTI'Y
§ 1. OkucTeHyy-kanblbblHa Kenyy peakuusinapbl xaHa

anapabl TEHAGOHYH 3NEeKTPOHAYK banaHC bIKMachl ......................... 144
§ 2. QneKkTp TOry XaHa XuMusnblk peakuusnapabiH cebentepu.

SR O ALY o s e R R oy T L r i cE Pt E e e EIPUR S et S 148
§ 3. MeTtanngapAblH 3MEKTP-XUMUANbLIK YblHanyy Katapbl ...................... 150
§ 4. anbBaHUKanbik aNeMeHTTep, akkyMynaTopnopAayH UWToeeo

FI I TIVAET o modmon o o s O T T T VSO USRI ST AL o S, . 162
§ 5. BnekTponua xaHa aHblH KONMAOHYMYLUY ....oooouiiiiiiiiiiiiiiiiiieeeeeeii, 154
§ 6. Koppoam aHblH Typnepy KAHA MAAHUCU ... 157

Vil rmasa. SJNEMEHTTEPOUH XUMUWACHI BOKOHYA BUTTUMAWV

CUCTEMAIALLTBIPYY
§ 1. XUMUANbIK ANeMeHTTePAUH XapaTblfibilTa TapKarlibllbl,

ME3rnnauK cUCTEMAOaH anraH OPLY «..ovrrrnireree e ieeee e aaeneaneeen 160

§ 2. MeTtann aMmecTep, anapabliH uUanka-xuMuUaNbIK

KacueTTepu, anbiHbilWbl XXaHa KONAOHYNYLUY «..ooviriiiiiiiiiieieeieeiiaieeinn, 161
§ 3. AlpbiM MeTann aMecTepAuH anbiHblWbl XXaHa KONAOHYNyWy .......... 166
§ 4. CyyTek — xaparbinbilTa Tapanbilbl, anbiHbilbl, KACUETTepPU KaHa

O L O Y Y L D) L e n e maie e dnia sk ss s m sich s s s v b s wslansmmnsasssassnsanassesss 168

§ 5. MeTtanngap — XxapartbifbllliTa anapiblH Tapkanbilbl, anbiHbilWbl,

P U3nKa-XUMUANbIK xacnerrepm XaHa Konﬂownywy .......................... 171
IX rmaga. ©TMEG METANNOAPOLIH XMMUSACH
OTMe MeTannaapablH Me3rnauk cuctemanaH anrad Opay «....ocoooeeeee..... 179
§ 1. XKe3 noarpynnacbiHbiH METANMAEPDI «.o.vviiiiiiiiiiiie e, 179
§ 2. LluHK nogrpynnacbiHbIH METANNAAPDI «..co.wviiiiii e, 182
§ 3. TutaH noAarpynnacbliHbiH METAMAAPD! ....ooviiriiiiei i, 188
§ 4. XpoM noarpynnacbiHblH METANNAAPDI ..oooviviiiiiiiiiiiieieieeiiaiieaaie 190
§ 5. VIl rpynnaHbiH d-aneMeHTTepuHe xannbl MyHO3AOMO ..................... 200
Xrnasa. KOMIMEKCTUK BUPUKMEIEP
§ 1. Komnnekctuk Bupukmenep xaHa anapAablH HOMeHknaTypach! .......... 209
§ 2. Komnnekctuk BupukmenepavH KnacCuUKaLMUACh! ........ooevveeevveennn.. 213
§ 3. Komnnekctuk GupvkmenepauH HGOMSpHﬂCbI ..................................... 214

Xl masa. OUCTIERCTUK CUCTEMAIIAP XAHA KOJownanw

E‘M IMETIEP
§ 1. lucnepcTuk cuctemanap XeHyHae TYLWYHYK

XaHa anapablH KNACCUMUKALMACD! .......uueuniririieineiieiseeeeieeeneaaiennens. 219
§ 2. Konnouna aputMenepuHuH 03re4enykTepy xaHa anbiHbil
L T I e T s stk o s btsaraie siviam 18 <0 o34 wcarem simn s mn o e n s o0 220
§ 3. KoNnnovaaepamH KGCUETTEPM ...ooooveeeeeeeeee e 223
AXll rmasa. XVUMWA XAHA 3KOJTOIrn4S
§ 1. MMHepan.ubm KO O M D TR T I . L fh sy s ateeesennsssnnsiansssanoneninsnnnisonns 227
2. AnaHa-4eMpeHy KoprOOHyH Heruaru npoﬁnemanapbl oo 48
TUPKEMEJIEP et s, 235
rlf\Mi.lH NNAHBIIT AH f*} }r’t[‘)VI&ﬂT FAP | . 237

239



o 4

1s

II

P9 €9 29 19 09 6585 (_ _
PO N3 w§ Wwd PN id 9D

_/L//_//_//_ m_ /_//_ w7 LR ¥G €6 ZS

1L 0L 69 89 .9 99 §9  / SL vl ElZl IS cex 1 a1

NTgqAawp 304 Agyr , SNWMELJHET¢~ --=-="""""7
08 6L 8L 1L 9L . €8 Z8 18
-BH NV id 41 SO - 19 dd ILlx -

....... ] R

96 56 76 m_m 26 L6 06 == =lea _ww_wmv%_m

wH wy n Ed U B T i

Qwy nd dN n edul , __--~ Sy B, - gnlaing

RN E“\.

€0L20L1L0OLOOL 66 86 L6 ;
1 ON PN W4 s3 JO38  /

3 3 2, mq pare
o uom,q_om;m:m L/ e

N NN

. 9¢ G€ P

e Z¥ L OF mm -7Iy i 9s
3L OW AN 42 > P —

0S 0S5 6V

- QS US Uj< -

ietaa ¥ RORONEEE

= e —— — — — —

«MOIE NATHOdINILE,,
HISHIFOVINILOUD XMOUUNIEIN
HUTdILLHIWILE NIGUBEUNNX




» 3s 3p 4s 3d 4p 5s 4d 5p 6s 5d' 4f 5d°"° 6p 7s 6d 5f 6d™
<

QHEPIUA

doLiHOWAUE —S """ """

doLiHawaue —d """ "

doLiHawaue —p """ "¢

Q@.—L..—-—@E@:n . ﬁ. .....

GZ ¥Z €2 2T 1T
UN 1D A L 987~ _

0€ 62 8¢ LZ 92
_.\CN no IN 09D 94

fllllll'lllll'l[l

SRR |

queingdo AAAdAL He E m._‘ v_
|
k!
£
T
Fsc 1
L 9 & P
N 90 8§ «-————-- ag
FRGRY e
0L 6 8
_,_. N I4d O LL
|||||||||||||| > eN
S¢
By e
(b L G e e B
d IS IV
_W&W&WM_ de
8L ZL 9l
(7l 19 S 61
e e =W
S St
e




L




